
WORLD INTELLECTUAL PROPERTY ORGANIZATION
International BureauPCT

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classincation 6
:

C12Q 1/68 A2
(11) International Publication Number: WO 00/01846

(43) International Publication Date: 13 January 2000 (13.01.00)

(21) International Application Number: PCr/EP99*)4718

(22) International Filing Date: 2 July 1999 (02.07.99)

(30) Priority Data:

9814536.0

9827152.1

(71) Applicant (for all designated States except US): DEVGEN N.V.

[BE/BE); Technologiepark 9, B-9052 Wondelgem (BE),

(72) Inventors; and

(75) Inventors/Applicants (for US only): PLAETINCK, Gee*

[BE/BEJ; Devgen N.V., Technologiepark 9, B-9052

Wondelgem (BE). PLATTEEUW, Christ (BE/BE); Devgen

N.V., Technologiepark 9, B-9052 Wondelgem (BE).

MORTIER, Katherine [BE7BE]; Devgen N.V., Technolo-

giepark 9, B-9052 Wondelgem (BE). BOGAERT, Thierry

[BE/BE]; Devgen N.V., Technologiepark 9, B-9052

Wondelgem (BE).

(74) Agent: BOULT WADE TENNANT; 27 Fumivat Street,

London EC4A 1PQ (GB).

3 July 1998 (03.07.98)

9 December 1998 (09.12.98)

GB
GB

(81) Designated States: AE. AL, AM. AT, AU, AZ, BAt BB. BG.

BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB,

GD, GE, GH, GM, HR, HU. ID, IL, IN, IS, JP. KE. KG.

KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG. MK,

MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI,

SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA,

ZW. ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ.

UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD,
RU, TJ, TM), European patent (AT, BE, CH, CY, DE. DK,

ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI

patent (BF, BJ, CF, CG, CI, CM, GA. GN, GW, ML. MR.

NE, SN, TD, TG).

Published

Without international search report and to be republished

upon receipt of that report.

(54) Title: CHARACTERISATION OF GENE FUNCTION USING DOUBLE STRANDED RNA INHIBITION

(57) Abstract

There is provided a method of identifying DNA responsible foT conferring a particular phenotype in a cell which method comprises

a) constructing a cDNA or genomic library of the DNA of said cell in a suitable vector in an orientation relative to a promoter(s) capable

of initiating transcription of said cDNA or DNA to double stranded (ds) RNA upon binding of an appropriate transcription factor to said

promoters), b) introducing said library into one or more of said cells comprising said transcription factor, and c) identifying and isolating

a particular phenotype of said cell comprising said library and identifying the DNA or cDNA fragment from said library responsible for

conferring said phenotype. Using this technique it is also possible to assign function to a known DNA sequence by a) identifying a

homologue(s) of said DNA sequence in a cell, b) isolating the relevant DNA homologue(s) or a fragment thereof from said cell, c) cloning

said homologue or fragment thereof into an appropriate vector in an orientation relative to a suitable promoters) capable of initiating

transcription of dsRNA from said DNA homologue or fragment upon binding of an appropriate transcription factor to said promoters) and

d) introducing said vector into said cell from step a) comprising said transcription factor.

BEST AVAILABLE COPY



FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

AL Albania ES Spain LS Lesotho SI Slovenia
AM Armaria FI Frabnd LT Lithuania SK Slovakia
AT Austria FR France LU Luxembourg SN Senega]
AU Australia GA Gabon LV Latvia sz Swaziland
AZ Azerbaijan CB Untied Kingdom MC Monaco TD Chad
BA Botnb and Herzegovina GE Georgia MD Republic of Moldova

Madagascar

TG Togo
BB Barbados GH Ghana MC TJ Tajikistan

Turkmenistan
BK Belgium GN Guinea MK The former Yugoslav TM
BF

BC

Burkina Faso GR Greece Republic of Macedonia TR Turkey
Bulgaria HU Hungary ML Mali TT Trinidad and Tobago

RJ Benin

Brazil

IE Ireland MN Mongolia UA Ukraine
BR

BY
IL brad MR Mauritania UG Uganda

Belarus IS Iceland MW Malawi US United Slates or Amc
CA Canada IT Italy MX Mexico vz Uzbekistan
CF Central African Republic JP Japan NE Niger VN Viet Nam
(X Congo KE Kenya NL Netherlands YU Yugoslavia

Zimbabwe
CH Switzerland KG Kyrgyzstan NO Norway ZWa C&c d'lvoirc KP Dernocratic People's NZ New Zealand
CM Cameroon Republic of Korea PL Poland
CN China KK Republic of Korea FT Portugal

Romaniacu Cuba KZ Kaznkstao RO
cz C/ech RepubBc LC Saint Lucia RU Russian Federation
DE Germany U Liechtenstein SD Sudan
DK Denmark

Estonia

LK Sri Lanka SE Sweden
EE LR Liberia SG Singapore



WO 00/01846 PCT/EP99/04718

- 1 -

CHARACTERISATION OP GENE FUNCTION

USING DOUBLE STRANDED RNA INHIBITION

The present invention is concerned with

5 characterization or identification of gene function

using double stranded RNA inhibition (dsRNAi) and

methods of identifying DNA responsible for inducing a

specific phenotype in a cell and a method of assigning

function to known gene sequences.

10 It has recently been described in Nature Vol 391,

pp. 806-811, February 98, that introducing double

stranded RNA into a cell results in potent and

specific interference with expression of endogenous

genes in the cell and which interference is

15 substantially more effective than providing either RNA

strand individually as proposed in antisense

technology. This specific reduction of the activity

of the gene was also found to occur in the nematode

worm Caenorhabditis elegans (C. elegans) when the RNA

2 0 was introduced into the genome or body cavity of the

worm.

The present inventors have utilized this

technique and applied it further to devise novel and

inventive methods of assigning functions to genes or

25 DNA fragments, which have been sequenced in various

projects, such as, for example, the human genome

project and which have yet to be accorded a particular

function and for use in identifying DNA responsible

for conferring a particular phenotype.

30 Therefore, according to a first aspect of the

present invention there is provided a method of

identifying DNA responsible for conferring a phenotype

in a cell which method comprises a) constructing a

cDNA or genomic library of the DNA of said cell in an

35 orientation relative to a promoter (s) capable of
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promoting transcription of said cDNA or DNA to double

stranded (ds) RNA upon binding of an appropriate

transcription factor to said promoter (s) , b)

introducing said library into one or more of said

5 cells comprising said transcription factor, and c)

identifying and isolating a desired phenotype of said

cell comprising said library and identifying the DNA

or cDNA fragment from said library responsible for

conferring said phenotype.

10 In a preferred embodiment of the invention the

library may be organised into hierarchical pools as

described in more detail in the examples provided,

prior to step b) such as to include, for example, gene

families

.

15 According to a further aspect of the invention

there is also provided a method of assigning function

to a known DNA sequence which method comprises

a) identifying a homologue(s) of said DNA in a cell, b)

isolating the relevant DNA homologue(s) or a fragment

20 thereof from said cell, c) cloning said homologue or

fragment into an appropriate vector in an orientation

relative to a promoter (s) capable of promoting

transcription of dsRNA upon binding of an appropriate

transcription factor to said promoters, d) introducing

25 said vector into said cell from step a) comprising

said transcription factor, and e) identifying the

phenotype of said cell compared to wild type.

In each aspect of the invention, the nucleotide

or DNA sequence may either be provided in a sense and

30 an antisense orientation relative to a single promoter

which has the properties defined above, or

alternatively it may be provided between two identical

promoters. In both embodiments dsRNA is provided from

the transcription initiated from the promoter

35 following binding of its appropriate transcription
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factor.

The cell according to the invention may be

derived from or contained in an organism. Where the

cell is contained within an organism, the organism may

5 be adapted to express the appropriate transcription

factor. The organism may be any of a plant, animal,

fungus or yeast but preferably may be the nematode

worm C. elegans, which may be any of a wild type, a

nuc-1 or pha-ts mutant of C. elegans or a combination

10 of said mutations. In an alternative embodiment the

DNA or cDNA library or the DNA homologue or fragment

thereof may, advantageously, be transfected or

transformed into a microorganism, such as a bacterial

or yeast cell, which may be fed to the organism, which

15 is preferably the nematode worm C. elegans. In this

embodiment of the invention the microorganism may be

adapted to express the appropriate transcription

factor. Preferably, the microorganism is 5. coli.

In each aspect of the invention, the DNA library,

2 0 DNA homologue or DNA fragment may be constructed in a

suitable DNA vector which comprises a sequence of

nucleotides which encode said transcription factor.

Alternatively, said transcription factor is encoded by

a further vector. In an even further alternative, the

25 cell or organism may express or be adapted to express

said transcription factor. Preferably, any of the

vectors used in the method according to the invention

comprises a selectable marker which may be, for

example, a nucleotide sequence encoding sup-35 or a

30 fragment thereof. The nucleotide sequence may be

orientated relative to a promoter such that binding of

a transcription factor to the promoter initiates

transcription of the DNA into double stranded RNA.

Figure 10 illustrates the vectors and the orientation

3 5 of the DNA sequence which enable double stranded RNA
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production in C. elegans. Thus in one embodiment the

DNA is located between two promoters on a vector

capable of expressing dsRNA upon binding of an

appropriate transcription factor to said promoters.

5 Alternatively, the vector comprises two copies of the

DNA sequence organised in a sense and ant i sense

orientation relative to the promoter and which marker
is selectable when contained in a pha-1 mutant C.

elegans. Preferably, the promoters are any of T7, T3

10 or SP6 promoters and the transcription factor

comprises the appropriate polymerase.

Preferably, the selectable marker comprises a

nucleotide sequence capable of inhibiting or

preventing expression of a gene in said cell and which

15 gene is responsible for conferring a known phenotype.

This nucleotide sequence may be part of or identical

to said gene conferring said phenotype, and which

nucleotide sequence is itself oriented relative to a

suitable promoter (s) capable of initiating

20 transcription of double stranded RNA upon binding of

an appropriate transcription factor to said

promoter (s) . Alternatively, the nucleotide sequence

may be a part of or identical to said gene sequence

conferring said phenotype, and which nucleotide

25 sequence is such as to permit integration of said

suitable or further vector by homologous recombination

in the genome of said cell and following said

integration said nucleotide sequence is capable of

inhibiting expression of said gene sequence conferring

3 0 said phenotype. In this embodiment said nucleotide

sequence comprises stop codons sufficient to prevent

translation of said nucleotide sequence following its

integration into said genome.

Compounds can, advantageously, in said method be

35 added to said cell or organism for the purposes of
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screening for desired phenotypes, such as for example,

resistance or sensitivity to the compound when

compared to wild type. The promoters are preferably

inducible. The transcription factor may in some

5 embodiments be phage derived, such as for example, a

T7 polymerase driven by a phage promoter. However,

when C. elegans is utilised a worm specific or tissue

specific promoter can be used, such as for example,

let858, SERCA, UL6, myo-2 or myo-3. Preferably, the E.

10 coil strain is an RNAaselll and even more preferably

an Rnase negative strain.

A further aspect of the present invention

provides a method of generating a transgenic non-human

organism comprising an exogenous transcription factor

15 and a transgene comprising a promoter operably linked

to DNA fragment which is expressed upon binding of

said transcription factor thereto, the method

comprising a) providing a first transgenic organism

comprising a first construct incorporating DNA

20 encoding an exogenous transcription factor and a

second transgenic organism comprising a second

construct including at least one promoter operably

linked to a desired DNA sequence which is expressed

upon binding of the transcription factor of said first

25 transgenic organism thereto b) crossing said first and

second transgenic organisms and selecting offspring

expressing said desired DNA sequence. In one

embodiment said first and second transgenic organisms

are generated by transforming said first and second

30 constructs into respective microorganisms for

subsequent feeding to the respective organism.

Preferably, said second construct comprises said

desired DNA sequence in an orientation relative to

said promoter so as to be capable of initiating

35 transcription of said DNA to dsRNA upon binding of
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said transcription factor thereto. In this embodiment

said second construct comprises two promoters flanking

said desired DNA sequence which promoters can initiate

transcription of said DNA sequence to dsRNA upon

5 binding of said transcription factor to said

promoters. Alternatively, said DNA sequence is

provided in a sense and an antisense orientation

relative to said promoter so as to produce dsRNA upon

binding of the transcription factor to the promoters..

10 In each of these embodiments the first and/or second

constructs may preferably be provided with a reporter

gene operably linked to a promoter which is capable of

initiating transcription of said reporter upon binding

of said transcription factor thereto. Preferably, the

15 reporter gene encodes any of Luciferase, Green

Fluorescent protein, 3 galactosidase or P-lactamase.

The present invention also includes a method of

validating clones identified in yeast two hybrid

vector experiments which experiments are well known to

20 those skilled in the art and which experiments were

first proposed by Chien et al. (1991) to detect

protein - protein interactions. The method according

to the invention comprises providing a construct

including the DNA encoding a protein identified in a

25 two hybrid vector experiment, which construct is such

that said DNA is provided in an orientation relative

to one or more promoters capable of promoting

transcription of said DNA to double stranded RNA upon

binding of an appropriate transcription factor to said

30 promoters, transforming a cell, such as a bacterial

cell or alternatively transforming an organism

comprising said transcription factor with said

constructs and identifying a phenotypic change in said

cell or organism, which may be C. elegans or the like,

35 compared to wild type. Preferably, the transcription
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factor is inducible in the cell or organism. Once

again the DNA sequence may be located between two

promoters or in both a sense and antisense orientation

relative to a single promoter, as described above.

5 Preferably, the promoter is a phage polymerase

promoter and said transcription factor is a RNA

polymerase, and preferably T7 polymerases. Also

encompassed with the scope of the present invention

are vectors used to transform said cells or organisms

10 and the cells or organisms themselves.

In a further aspect of the present invention

there is provided a method of alleviating pest

infestation of plants, which method comprises a)

identifying a DNA sequence from said pest which is

15 critical either for its survival, growth,

proliferation or reproduction, b) cloning said

sequence from step a) or a fragment thereof in a

suitable vector relative to one or more promoters

capable of transcribing said sequence to RNA or dsRNA

20 upon binding of an appropriate transcription factor to

said promoters, and c) introducing said vector into

the plant.

Thus, advantageously, the method according to the

invention provides a particularly selective mechanism

25 for alleviating pest infestation, and in some cases

parasitic infestation of plants, such that when the

pest feeds on the plant it will digest the expressed

dsRNA in the plant thus inhibiting the expression of

the DNA within the pest which is critical for its

30 growth, survival, proliferation or reproduction. In a

preferred embodiment, the pest may be any of

Tylenchulus ssp. Radopholus ssp., Rhadinaphelenchus

ssp., Heterodera ssp., Rotylenchulus ssp.,

Pratylenchus ssp., Belonolaimus ssp., Canjanus ssp.,

35 Meloidogyne ssp., Globodera ssp. , Nacobbus ssp.,
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Ditylenchus ssp. , Aphelenchoides sap., Hirschmenniella

ssp., Anguina ssp., Hoplolaimus ssp., Heliotylenchus

ssp . , Criconemellassp

.

, Xiphinemassp
. , Longidorus

ssp., Trichodorus ssp., Paratrichodorus ssp.,

5 Aphelenchs ssp. The DNA sequence or fragment thereof

according to this aspect of the invention may be

cloned between two tissue specific promoters, such as

two root specific promoters.

A further aspect of the invention concerns the

10 vector used in each of the methods of the invention

for constructing said library, which vector comprises

two identical promoters oriented such that they are

capable of initiating transcription of DNA sequence

located between said promoters to dsRNA upon binding

15 of an appropriate transcription factor to said

promoters. The DNA sequence may, for example, include

a multiple cloning site. Preferably, the expression

vector comprises a nucleotide sequence encoding a

selectable marker. In one embodiment the nucleotide

20 sequence encoding said selectable marker is located

between two identical promoters oriented such that

they are capable of initiating transcription of DNA

located between said promoters to double stranded RNA

upon binding of an appropriate transcription factor to

25 said promoters. Preferably, the selectable marker

comprises a nucleotide sequence encoding sup-35, for

introduction into C. elegans having a pha-1 mutation.

Preferably, the transcription factor comprises

either a phage polymerase which binds to its

30 corresponding promoter or a C. elegans specific

promoter and even more preferably T7 polymerase.

Preferably, the vector includes a multiple cloning

site between said identical promoters.

In a further aspect of the invention there is

35 provided an expression vector for expressing an
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appropriate transcription factor for use in a method

according to the invention which vector comprises a

sequence of nucleotides encoding said transcription

factor operably linked to suitable expression control

5 sequences. Preferably, the expression control

sequences include promoters which are inducible,

constitutive, general or tissue specific promoters, or

combinations thereof. Preferably, the transcription

factor comprises a phage polymerase, and preferably

10 T7, T3 or SP6, RNA polymerase.

A further aspect of the invention provides a

selection system for identifying transformation of a

cell or organism with a vector according to the

invention which system comprises a vector according to

15 the invention wherein said selectable marker comprises

a nucleotide sequence capable of inhibiting or

preventing expression of a gene in said cell or

organism which gene is responsible for conferring a

known phenotype. Preferably said nucleotide sequence

20 corresponds to a part of or is identical to said gene

conferring said known phenotype, and which nucleotide

sequence is itself located between two identical

promoters capable of initiating transcription of

double stranded RNA upon binding of an appropriate

25 transcription factor thereto. Alternatively, the

nucleotide sequence comprises a nucleotide sequence

which is a part of or identical to said gene sequence

which confers a known phenotype on said cell or

organism, and which is such that following integration

30 of said vector by homologous recombination in the

chromosome of said cell or organism said sequence

inhibits expression of said gene sequence conferring

said known phenotype. Preferably, according to this

embodiment the

35 nucleotide sequence comprises stop codons sufficient
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to prevent translation of the nucleotide sequence

following integration into said chromosome.

Preferably, the known gene sequence comprises a sup- 3

5

gene or a fragment thereof which is selectable by

5 identifying offspring growing at a temperature above

25°C following introduction in a pha-1 etl23ts mutant
C. elegans worm.

In a further aspect of the invention provides

said known gene sequence comprises a sup- 35 gene or a

10 fragment thereof which is selectable by identifying

offspring growing at a temperature above 25°C

following introduction of said vector in a pha-1

etl23ts mutant C. elegans worm. An even further

aspect comprises a method of assigning function to a

15 DNA sequence of a multicellular organism which method

comprises a) providing i) a construct comprising said

DNA fragment cloned between two promoters capable of

promoting transcription in said multicellular

organism, in a multicellular organism capable of

20 initiating transcription from said promoter; b)

identifying the phenotype of said multicellular

organism compared to wild type.

The present invention may be more clearly

understood by the following examples which are purely

25 exemplary with reference to the accompanying figures,

wherein:

Figure 1 is a nucleotide sequence of plasmid PGN1 in

accordance with the present invention.

30

Figure 2 is a nucleotide sequence of plasmid PGN100

in accordance with the present invention.

Figure 3 is a schematic representation of the vectors

used and the transformation regime used in

35 the methods according to the present
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invention.

Figure 4 is an illustration of an expression vector

used in accordance with the invention.

Figure 5 is a schematic illustration of the T7 RNA

polymerase expression vectors used for

transforming C. elegans.

10 Figure 6 is an illustration of plasmid PGN1.

15

Figure 7 is a diagrammatic representation of an

enhanced vector for dsRNA inhibition

encoding sup- 3 5 dsRNA.

Figure 8 is an illustration of a vector for

integration into the genome of C. elegans.

Figure 9 is an illustration of the position of a DNA

20 sequence (s) relative to a suitable promoter

to initiate expression of dsRNA from the DNA

sequence (s)

.

25

Figure 10 is a representation of plasmid pGN108.

Figure 11 is a representation of plasmid pGN105.

Figure 12 is a representation of plasmid pGN400.

30 Figure 13 is a representation of plasmid pGN401.

Figure 14 is a representation of plasmid pGNHO.

Figure 15 is a representation of plasmid pAS2 with

35 forward and reverse T7/T3/SP6 promoters.



WO 00/01846 PCT/EP99/04718

- 12 -

Figure 16 is a representation of plasmid pGAD424 with

forward and reverse T7/T3/SP6 promoters.

Figure 17 is a representation of plasmid pAS2-cyh2-

HA+, both T7-final.

Figure 18 is a representation of plasmid pGAD424-

without-FULL-ICE-BOTH-T7

.

Figure 19 (a) is a representation of plasmid pGN205

and(b) is a representation of plasmid

pGN207.

Example Ai Construction of an ordered and

hierarchical pooled cDNA library and applications

thereof

•

A random ordered and pooled library:

The vector is an E. coli vector harboring two T7

20 promoters, with a multiple cloning site (MCS) in

between. The two promoters are orientated towards

each other, and towards the MCS. In the presence of

T7 RNA polymerase, expressed in E. coli, C. elegans or

any other organism, RNA will be produced, starting

25 from the two T7 promoters. As these are oriented in

the opposite sense, both strands of RNA will be

produced from the DNA inserted (cloned) into the MCS

in between the two promoters which results in the

generation of double stranded RNA (dsRNA) upon binding

30 of the T7 RNA polymerase thereto.

A C. elegans cDNA library is constructed in the

MCS using standard molecular biological techniques.

The library is transformed into E. coli, and the

resulting E. coli are grown in culture and stored in

35 96 multi-well plates. At this stage, plasmid DNA can
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be isolated and stored in 96-multi-well plates

corresponding to those of the E. coli colonies.

Approximately 100,000 colonies are scored. In this

way, the library will harbor approximately 5 times the

5 total expressed cDNA variation of C. elegans, which

gives the opportunity for low expressed sequences to

be present in the library. This will result in

approximately 1041 96 -well plates. The plates are

hierarchical pooled as necessary. For the present

10 pooling of the clones is arranged in a range of 10 to

100. If the hierarchical pooling is per 8 or 12

(numbers are more convenient as 96 -well plates have a

8 to 12 grid) , this will result in approximately 87

multi-well plates and approximately 8352 wells. If

15 hierarchical pooling is per 96 wells, which is a full

plate, this results in approximately 11 plates and

approximately 1041 wells. At any stage of the

hierarchical pooling, plasmid DNA can be isolated,

which would be less elaborate as less plates are used,

20 but will result in a loss of complexity although this

should not be the case in the pooling per 12. The

pooling of the DNA can also be carried out with the

original DNA.

The experiments below describe how the

25 hierarchical pooling should be performed, both for the

DNA and for the E. coli library.

An ordered library for RNAi technology, harboring

every gene of the C. elegans genome , with

30 applications thereof

As the genome -sequencing project is coming to an

end, this information can be used in the application

of T7 RNA inhibition technology. Every gene of the C.

35 elegans genome can be cloned using PCR technology. In
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preference, exons will be cloned with a minimal length

of 500 bp. If the exons are too small, smaller

fragments will be isolated with PCR, or even parts of

introns and neighboring exons will be isolated with

5 PCR technology so that at least a sufficient part of

the translated region of the gene is cloned. For

this, at least 17000 PCR reactions need to be

performed. This collection of PCR products will be

cloned in a T7 vector as described {two T7 promoters

10 oriented towards each other with a multiple cloning

site in between) . Every PCR product is cloned

independently, or can be used to generate a random

library, analogous to the described cDNA library. If

every PCR product is cloned individually, the

15 resulting bacteria and plasmid DMA can be pooled in

various ways. Firstly, this collection of individually

cloned PCR products in the T7 RNAi vector can be

pooled randomly, as described in the random library.

This pooling can also be done in a more rational way.

20 For instance, the genes of the C. elegans genome can

be analyzed using bioinformatic tools (in silico

biology) . Various genes of the

genome will belong to a gene family, or will have

homologues in the genome. These members of the gene

25 family will be pooled, or the members, being

homologues will be pooled. In this way the total

number of about 17000 clones is reduced to a more

useable quantity. This library can be used to screen

for phenotypes in the methods according to the

30 invention. The resulting phenotype gives a functional

description to the gene or gene family or gene

homologues of the C. elegans genome. As the library

consists of a part of every gene in the genome, this

method enables description of the full genome in

35 functional -phenotypic terms. For this the double
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stranded RNA (dsRNA) needs to be introduced in the

worm. This introduction of clones alone, or pooled

clones, being random pooling or rational pooling can

be achieved in several ways as described.

5

Example of a vector for the expression of double

stranded RNAi

Any vector containing a T7 promoter may be used,

10 and which contains a multiple cloning site (there are

many commercially available) . Primers containing the

T7 promoter and a primer with the reverse

complementary strand, both with the appropriate ends

are designed. These primers can be hybridized, and if

15 well designed, cloned in the vector of choice. The

minimal sequence for a T7 promoter is

TAATACGACTCACTATAGGGCGA. Although any vector can be

used for the construction of a T7 expression vector

there follows an example of how to achieve this with

20 the vector pGEM-3zf (-) .

- Vector pGEM-3zf (+) (PROMEGA) was digested with

Hindi I I and Sail

- Primers oGNl and oGN2 were mixed together at a final

concentration of 1 pg/30 pi boiled and cooled slowly

25 to room temperature.

- The primer was ligated into the vector using

standard ligation procedures. The resulting vector is

pGNl (shown in Figure 1) and contains two T7 promoters

oriented towards each other, and harbors a multiple

30 cloning site in between.

Sequences of oGNl and oGN2 are:

- OGNl : AGC TGT AAT ACG ACT CAC TAT AGG GCG AGA AGC TT

- OGN2: TCG AAA GCT TCT CGC ATA ATA GTG AGT CGT ATT AC
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Example of the construction of a library

RNA may be isolated from every organism that is

sensitive to RNAi. In general the isolated RNA is then
copied into double stranded cDNA, and subsequently
prepared in suitable vectors for cloning. Several
procedures exist and molecular biology kits can be
purchased from various firms including promega,
clontech, boehringer Mannheim, BRL, etc which enable:

- isolation of RNA,

- eventually polyA RNA can be isolated (several

techniques and kits available)

- first strand synthesis with AMV reverse

transcriptase, random hexameric primers and/or
oligo (dT) primer

- second strand synthesis with Rnase H, DNA

Polymerases

- flush ends wihh T4 DNA Polymerase

- addition of an adaptor with T4 DNA ligase.

- eventually treatment with T4 polynucleotide Kinase
- cloning of the cDNA into the vector.

The resulting ligation mixture can be considered
as the cDNA library. The ligation contains all cDNA of
the procedure ligated into the vector of interest.
To order the library, the ligation needs to be
transformed into E. coli strains.

Application of this £ . coli or DNA library

T7 RNA producing strain:

- a standard strain is BL21 (DE3) : F-ompT [Ion] hsds (r-

m- ; and E. coli B strain) k (DE3) . Eventually
variants of BL21 (DE3) can be used, although BL21
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(DE3)pLysS is used.

- any other E. coli strain which produces the T7 RNA

polymerase, which may be available needs to be

constructed. This can be generated easily using a

5 phage, which is commercially available, in this case,

the XCE6 vector (provided by Promega) is used. Almost

every E. coli strain can be transfected with this

phage and will produce T7 RNA polymerase.

- a RNAselll mutant K. coli:

10 Various strains are in principle available, we chose

in a first experiment to use strain AB301-105: rna-19,

suc-11, bio-3, gdhA2, his95, rnc-105, relAl, spoTl,

metBl. (Kinder et al. 1973 Mol . Gen. Genet 126:53),

but other strains may suit better. This strain is

15 infected with ACE 6 and so a T7 producing variant will

be constructed.

Wild type C. elegans worms can be grown on the

bacteria pools. The bacteria is expressing the T7 RNA

polymerase. This results in large quantities of dsRNA

20 in the gut of the C. elegans, which will diffuse in

the organism and results in the inhibition of

expression. This library can now be used for the

screening of several phenotypes. This technique has

the advantage that it is a much faster to detect

25 relevant genes in certain pathways, than the known C.

elegans technology. Moreover, if an interesting

phenotype is found, the responsible gene can be cloned

easily.

Using the hierarchical pooling one can easily find in

30 a second screen the relevant clone of the pool. The

inserted DNA of this clone can then be sequenced.

This experiment results in genetic and biochemical

DATA in one step.

Wild type C. elegans strains can be combined with

35 compounds to screen for phenotype, drug resistance and
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or drug sensibility. The C. elegans strain can be a

mutant strain, screening for an enhanced phenotype,

reduced phenotype, or a new phenotype. The C. elegans

strain can be a mutant strain, and the library screen

5 can be combined with compounds. So one can screen for

drug resistance, drug sensibility, enhanced phenotype,

reduced phenotype, or a new phenotype. The B. coli

strain may be any T7 RNA polymerase expressing strain,

like BL21 (DE3), for example, but the formation of

10 double strand RNA may be enhanced by using a special

E. coli strain that is RNAselll negative. RNAselll

recognizes specific loops in dsRNA. Eventually, an £.

coli strain can be used that is deleted in RNAses

other than RNAselll or an E. coli can be used that is

15 deleted in one or more RNAses, The expression of the

T7 RNA polymerase in most known E. coli strains and

constructs which are available to generate T7 RNA

polymerase producing E. coli strains, generally

comprise an inducible promoter. In this way the

20 production of the T7 RNA polymerase is regulated, and

thus the production of the dsRNA. Advantageously,

this feature can be used to "pulse" feed the C.

elegans worms at specific stages of growth. The worms

are grown on the non-induced E. coli strains. When

25 the worm has reached the stage of interest, the T7 RNA

production in the bacteria is induced. This allows

the studying of the function of any gene at any point

in the life cycle of the animal.

30 Screening the library for homologues of putative

interesting human genes, and assign function to

these genes

Hundreds of genes have been isolated in various

35 projects, being genomic projects, differential
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expressed arrays, hybridization studies, etc. The

described cDNA library can provide a way to validate

and or assign function to these genes in a fast and

efficient manner. First of all the worm homologue or

5 homologues or the genes need to be identified by

bioinformatic tools (in silico biology) . PCR primers

are developed and the cDNA fragment is isolated using

PCR technology. PCR can be performed on the

hierarchical pools. The positive pool or individual

10 wells harboring the bacteria that has the appropriate

cDNA is fed to C. elegans and the phenotype is scored.

PCR can be performed on cDNA isolated from C.

elegans. The resulting DNA can be cloned in the T7

vector and transformed in the dsRNA producing E. coli

15 on which the C. elegans worms are then fed. Depending

on which way is faster and more reliable a choice

needs to be made.

If the gene belongs to a gene family, the worm

may need to be fed on a mixture of bacteria. Each of

20 them harboring a part of the member of the gene

family. E. coli strains, growth conditions,

combinations with compounds can be performed as

described above.

If the library rational is used, in which all the

25 genes of C. elegans are cloned in a organized and

structured way, the C. elegans homologue and

eventually the other homologues, orthologues, and

members of the gene family can be traced back easily

in the library using a silico biology. No PCR is

30 involved in this step, and the bacteria and or DNA can

be isolated on which the worm will be grown.

Examples

35 The idea of the series of experiments was to test
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both the RNAi vector and the various E. coli strains

that were constructed.

1) Construction of a test plasmid

5 Any cDNA that gives a clear phenotype in the worm

when knocked-out, or used in a RNAi experiment can be

used. It is known that unc-22 is a good candidate,

but may other genes are possible. We opted for a

sensitive system that can be used at a later stage.

10 The system was tested with sup-35 in a pha-1

background. Exon 5 of the sup-35 was isolated by PCR

and cloned in the T7 promoter vector pGNl. The

resulting vector was designated pGN2 . pha-1 (e2123)

mutant worms cannot produce offspring at temperatures

15 higher than 25°C. This is due to a developmental

problem in embryogenesis . When sup-35 is knocked-out,

or inhibited in this strain, offspring may grow at

this temperature. Combination of pha-1 mutant worms

and sup-35 RNAi is a good system to validate the

20 various options.

2) Testing the RNAi using an E. coli strain

that produces dsRNA.

- pGN2 was introduced in E. coli strain BL21{DE3> and

25 T7 RNA polymerase was induced with IPTG, C. elegans

worms (pha-1 (e2123)) were inoculated on this

bacteria, and grown at the restricted temperature of

25°C. As this mutant is an embryonic mutant at this

temperature, no offspring will be observed. If the

30 sup-35 gene is efficiently inhibited by the dsRNA

present in the E. coli, offspring will be observed.

- pGN2 was introduced in E. coli strain AB301-105 (DE3)

and T7 RNA polymerase was induced with IPTG. C.

elegans worms (pha-1 (e2123)) were inoculated on this

35 bacteria, and grown at the restricted temperature of
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25°C. As this mutant is an embryonic mutant at this

temperature, no offspring will be observed. If the

sup-35 gene is efficiently inhibited by the dsRNA

present in the E. coli, offspring will be observed.

5

3) Improving the worm strain for better uptake

Of dsRNA.

Before plating the pha-1 C. elegans on the E.

coli strain that produce the double stranded sup-35

10 RNA. The worm was mutagenised with EMS (Methane

sulfonic Acid Ethyl) . The offspring of this

mutagenised worm is then plated on the bacteria. The

worm that feed on this bacteria give larger offspring

which has a mutation that results in an improvement of

15 dsRNA uptake, and can be used for further experiments.

Stable integration of the dsRNA producing vector

into the genome of the T7 RNA polymerase

producing worm

20

An K. coli vector can be constructed harboring

the following features; Two T7 promoters directed

towards each other, with a restriction site or a

multiple cloning site in between. Furthermore, the

25 vector may contain the C. elegans sup35 genomic DNA,

engineered in such a way that it contains several

stopcodons at various intervals, so that no full

length protein can be expressed form the sup35 genomic

DNA fragment as illustrated in Figure 8. Any cDNA or

30 cDNA fragment can be cloned in the multiple cloning

site between the two T7 promoters. When this vector

is introduced in a C. elegans strain which expresses

T7 RNA polymerase, the cDNA or DNA fragment cloned

between the two T7 promoters will be transcribed,

35 generating dsRNA from the cloned fragment.
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The vector is designed to be used in pha-1

(e2l23) mutant worms expressing T7 RNA polymerase.

The expression of the T7 RNA polymerase may be

constitutive or regulated, general or tissue specific.

5 These pha-l (e2123) worms cannot produce offspring at

temperatures higher than 25°C / which is due to a

development problem in embryogenesis . When sup-35 is

inhibited or knocked-out in this stain, offspring may

grow at this temperature.

10 When the vector is introduced in the worm, the

vector may integrate by homologous recombination

(Campbell -like integration) . It has been shown that

homologous recombination occurs in C. elegans,

although at low frequencies (Plasterk and Groenen,

15 EMBO J. 11:287-290, 1992). Homologous recombination

at the sup35 gene will result in a knock-out of the

gene as the two resulting sup-35 genes will harbor the

stopcodons. The resulting worm, and its offspring, if

this recombination happens in the eggs, will have a

20 copy of the vector integrated in the genome. This can

be selected as only the worms for which the sup-35 has

been knocked-out will have offspring at temperatures

higher than 25°C. Furthermore, the resulting worm

will stably produce double stranded RNA from the DNA

25 fragment cloned between the two T7 promoters. This

worm can now be considered as a stable transgenic worm

strain with a reduction of function of the gene, from

which a fragment has been cloned between the two T7

promoters.

30 The DNA may be delivered to the worm by several

techniques, including injection, ballistic

transformation, soaking in the DNA solution, feeding

with bacteria. New and other methods that increase

the transformation efficiencies can be considered.

35 The target C. elegans strain may in addition,
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have other mutations than the pha-1 (e2123) mutation,

and may express other genes than T7 RNA polymerase.

EXAMPLE Bt a Yeast two-hybrid-RNAi vector

5

A yeast two hybrid vector can be constructed

harboring the two T7 promoters. The vectors can be

designed to replicate both in yeast and in E. coil.

In general cDNA libraries for the yeast two hybrid

10 system are made in the Gal4 or LexA vectors. The

library is constructed in vectors having the

activation domain of one of these genes. A vector can

be constructed that can still perform in the

yeast two hybrid screen but which also contains two T7

15 promoters orientated towards each other, with a

cloning site therein between. The order of the

sequences in the plasmid will then be "plasmid

backbone, (GAL4-T7) , MCS, T7, backbone". A C. elegans

cDNA library constructed in this vector can be used as

20 a standard yeast two hybrid library in an experiment

to isolate interacting proteins with a given protein.

Once a clone is isolated, the plasmid can be

introduced in an £. coil strain expressing the

T7 RNA polymerase, and hence will produce dsRNA of the

25 cloned fragment. The bacteria producing this dsRNA

can be fed to the worm and phenotypes can be scored.

As in the previous example, this validation procedure

for a newly isolated yeast two hybrid clone is

remarkably shorter than the standard procedure, which

30 requires PCR and/or cloning steps, RNA experiments

and/or knock-out experiments. In most cases isolated

clones are sequenced first, and on the basis of the

sequence, a decision is made to continue with further

experiments. In the present invention every isolated

3 5 clone can easily be introduced into the appropriate E.
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coli and fed to the worm. Validation is then performed

by phenotype analysis.

To apply this procedure a yeast two hybrid was

performed using a known gene as bait and the newly

5 constructed library as the target. Proteins coded by

the clones in the target that interact with the bait

protein, will result in positive yeast clones

expressing the reporter molecule such as can be

observed by LacZ staining with X-gal. The plasmid

10 coding for the target protein is isolated directly

from the yeast strain and introduced in E. coli. The

E. coli is T7 RNA polymerase producing E. coli. In

this case, double stranded RNA is produced from the

DNA cloned in the multiple cloning site of the vector.

15 When this dsRNA is fed to the worm using the methods

described previously, the gene has inhibited in the

worm, resulting in a particular phenotype.

- This yeast two hybrid vector can advantageously be

used to construct an ordered and hierarchically pooled

20 library as described in the previous example.

- A yeast strain can also be constructed that

conditionally produces T7 RNA polymerase. After yeast

two hybrid experiments, the expression of the T7

polymerase could be induced, resulting in the

25 production of dsRNA in the yeast cell. Consequently

the yeast could be fed to the worm. Evidence is

available showing that the C. elegans worms can feed

on yeast.

30 Construction of a T7 RNA polymerase producing

strain, and applications thereof

35

A C. elegans strain can be constructed that

expresses T7 RNA polymerase. The expression can be

general and constitutive, but could also be regulated
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under a tissue specific promoter, an inducible

promoter, or a temporal promoter or a promoter that

harbors one of these characteristics or combination of

characteristics. DNA can be introduced in this C.

5 elegans strain. This is done either by injection, by

shooting with particles, by electroporation or as

aforementioned by feeding. If the DNA is a plasmid as

described in the previous examples, i.e. a plasmid

harboring a cloned cDNA fragment or a PCR fragment

10 between two flanking T7 promoters, then dsRNA of this

cDNA or PCR fragment is formed in the cell or whole

organism resulting in down regulation of the

corresponding gene. The introduced DNA can have an

efficient transient down regulation. The introduced

15 DNA can form an extrachromosomal array, which array

might result in a more catalytic knock-out or

reduction of function phenotype. The plasmid might

also integrate into the genome of the organism,

resulting in the same catalytic knock out or reduction

20 of function phenotype, but which is stably

transmit table

.

- Plasmid DNA harboring a cDNA or a part of a cDNA or

an EST or an PCR fragment of C. elegans cloned between

two T7 promoters as described in Examples A) and B)

25 can be introduced in the T7 RNA polymerase worm, by

standard techniques. Phenotypes can be analysed -DNA

from an ordered and pooled library as in Example A)

can be introduced in the T7 RNA polymerase worm, by

standard techniques (injection, shooting) . Phenotypes

30 can be analysed. With the hierarchical pool, the

original clone can be found easily.

- The same procedure can be performed with a mutant

worm expressing the T7 RNA polymerase. Screening for

enhanced, reduced or new phenotypes.

35 - The procedure can be used to enable screening of



WO 00/01846 PCT/EP99/04718

- 26 -

compounds. Screening with either a wild- type strain or

a mutant strain for enhanced or new phenotypes.

- The DNA could be introduced in the worm by new

methods. One of which is the delivery of DNA by E.

5 coli. In this case the hierarchical pooled library is

fed to the animal. To prevent digestion of the E. coli

DNA in the gut of the nematode, preferentially a DNAse

deficient C. elegans will be used, such as nuc-1

(el392). This procedure would be one of the most

10 interesting as it would be independent of

transformation efficiencies of other techniques, and

generally faster and less labourious.

2) Putative enhancements of the method.

15 - A vector is designed, so that it harbors the sup-35

cDNA or a part of this cDNA, cloned in between two T7

promoters. The rest of the vector is as described in

Examples A) and B) . This vector can be introduced into

a pha-lts mutant C. elegans. A temperature selection

20 system exists in this case and only those worms which

have taken up the DNA and express the double stranded

sup-35 RNA will survive at restricted temperatures.

The hierarchical pooled library can be delivered by

any method described above.

25 - The vector can be used to construct a library that

is introduced in a T7 RNA polymerase expressing E.

coli. In this case we have an analogous screening as

in part A) with an additional screening for worms where

the dsRNA of sup-35 is active.

30 - The DNA and or dsRNA of sup-35 could be delivered on

a different plasmid. For the feeding, both DNA feeding

(Example C) or dsRNA feeding Example A) and B) , this

means that the two plasmids could be present in one

bacterium, or that the worm is fed on a mixture of

35 bacteria, one of which harbors the sup-35 construct.
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Example of the construction of a T7 RNA producing

C. elegans

To produce T7 RNA polymerase in the worm, several

5 possibilities are possible. The T7 polymerase can be

expressed under various promoters, being inducible

promoters, constitutive promoters, general promoters

and tissue (cell) specific promoters, or combinations

of those. Examples of these promoters are the

10 heatshock promoter hsp-16, the gut promoter ges 1, the

promoter from cet858, but also the promoter of dpy 7

and the promoter element GATA1 . In this example the T7

RNA polymerase is expressed under the control of the

hsp-16 promoter that is available in the pPD49.78

15 vector. The T7 RNA polymerase is isolated as a PCR

product using the primers of GN3 an GN4

.

The resulting PCR product is digested with Nhel

and Ncol, as is the vector in which we want to clone,

being the Fire vector pPD49.78. The resulting vector

20 is pGNlOO illustrated in Figure 2 oGN3 : CAT GGC AGG

ATG AAC ACG ATT AAC ATC GC OGN4 : ATG GCC CCA TGG TTA

CGG GAA CGC GAA GTC CG pGNlOO is included.

The vector is introduced into the worm using

standard techniques, such as micro injection, for

25 example.

The following strains were then constructed:

-Wild-type (pGNlOO)

30 -nuc-1 (el392) (pGNlOO)

-pha-1 (e2123) (pGNlOO)

-pha-1; nuc-1 (pGNlOO)

All of these strains are able to produce T7 RNA

35 polymerase when temperature induced or alternatively
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by metals such as application of heavy cadmium or

mercury. The procedure for temperature induction is to

shift the animal to a temperature of 30-33°C for at

least one hour, then the animal can be shifted back to

5 standard

temperatures (15-25°C) .

The wild type strain producing T7 RNA polymerase

can be used for the production of any RNA in the worm.

More specifically, the plasmids from the described

0 libraries can be introduced in these worms, and

phenotypes can be scored.

The nuc-1 mutant worm will be used to introduce

DNA via bacteria on which the worm feed. As the nuc-1

worm does not digest the DNA, the plasmid DNA can

5 cross the gut wall. If taken up by the cells that

produce the T7 RNA polymerase, dsRNA will be produced
thus inhibiting the gene from which the RNA was

transcribed.

The pha-1 mutant strain that produced T7 RNA

0 polymerase can be used to enhance the procedures as

described above. DNA can be introduced by shooting,

micro injection or feeding. More specifically this

strain can be used for the vectors that produce dsRNA

from sup-35 and from the gene of interest, the latter

5 can be a PGR product, a cDNA, or a library as

described.

The pha-l/ nuc-1 mutant producing T7 RNA

polymerase can be used for the bacterial delivery of

the DNA. DNA will preferentially be the plasmid that

0 produce dsRNA from both sup-35 and the gene of

interest. The worm strain will preferentially produce

the T7 RNA polymerase in the gut. Delivery will

preferentially happen by feeding the worm on bacteria

harboring the plasmid.

35
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10

Application of the RNAi technology in plants

Nematodes are responsible a large part of the

damage inflicted on plants and more particularly to

plants used in the agricultural industry. The RNAi

procedures according to the invention can be applied

to plants to prevent these parasitic nematodes from

feeding longer. In a first step, a DNA fragment is

isolated from the parasitic plant nematode that is

critical for the animals survival or growth, or to

feed or to proliferate. Any gene from which the

expression is essential is suitable for this purpose.

A part of this gene, an exon or cDNA is cloned.

This DNA fragment can be cloned under the influence of

15 a tissue specific promoter preferably a root specific

promoter even more preferably between two root

specific promoters. The DNA of the cloned gene under

the control of the root specific promoter can be

introduced in the plant of interest, using plant

20 transgenic technology. For every parasitic nematode, a

different piece of DNA may be required and likewise

for every plant race, a different promoter will be

needed.

The root will produce RNA or dsRNA from the

25 introduced piece of DNA when root specific promoter is

utilised. As the nematode feeds on the plant, the RNA

and/or dsRNA will be consumed or ingested by the

nematode. The RNA and/or dsRNA can enter the cells of

the nematode and perform its inhibitory action on the

30 target DNA. Depending on the nature of the cloned DNA

piece of worm, the nematode will not be able to

survive, to eat, proliferate, etc in any case

preventing the animal of feeding longer on the plant,

and thus protecting the plant.
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Construction of a T7 RNA polymerase producing C.

elegans

To produce a T7 RNA polymerase or other RNA

5 polymerases in animals, and more particularly in

nematodes and most particularly in C. elegans, several

possibilities can be envisaged. The T7 RNA polymerase

can be expressed under various promoters. These

promoters may be inducible promoters, constitutive

10 promoters, general promoters, tissue specific

promoters, or combinations of those.

Examplel

:

Construction of a basic vector for expression of

15 T7 polymerase in C. eleaans

The T7 polymerase coding sequence was PCR

amplified from_A CE6 (Novagen, Madison, USA) using the

primers OGN26 (ATGGAATTCTTACGCGAACGCGAAGTCCG) and

20 oGN46 (CTCACCGGTAATGAACACGATTAACATCGC)
, using standard

procedures (PCR, A practical A practical approach,

1993, Ed. J. McPherson, et al, IRL Press). The

resulting DNA fragment encoding for the T7 RNA

polymerase was digested with Agel and EcoRI and

25 inserted into the Fire vector pPD97.82 digested with

Agel and EcoRI. The resulting construct encodes for an

open reading frame of T7 RNA polymerase in fusion with

the SV40 large T antigen nuclear localization signal

(NLS) with amino acid sequence MTAPKKKRKVPV . This

30 nuclear localization signal sequence is required to

translocate the T7 RNA polymerase from the cytoplasm

to the nucleus, where it is able to bind to its

specific promoters, designated T7 promoters. Upstream

of the coding sequence for the T7polymerasefusion

35 protein is a minimal promoter (myo-2) preceded by a
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multiple cloning site (MCS) in which several C.

elegans promoters can be inserted. This plasmid

(pGN105 shown in Figure 11) is a basic T7 RNA

polymerase plasmid which enables the expression of

5 T7polymerase in C. elegans. Derivatives of this

plasmid wherein promoters are cloned into the multiple

cloning site, allow for the inducible, constitutive,

general and tissue specific expression of T7 RNA

polymerase in C. elegans, as expression will be

10 regulated by the promoter cloned in the multiple

cloning site.

Although not restricted to these examples, for

the following promoters it is known that they induce

expression in the following tissues.

15 let-858 (ubiquitous expression), myo-2 (pharynx

expression), myo-3 (body wall muscles), egl-15 (vulval

muscles) , unc-119 (pan-neuron)

.

Example 2;

20 Construction of a vector for expression of T7 RNA

polymerase in C. elegans muscle tissue.

The T7 RNA polymerase coding sequence was PCR

amplified from_A CE6 using the primers oGN43

25 (GCCACCGGTGCGAGCTCATGAACACGATTAACATCGC) and OGN44

(CACTAGTGGGCCCTTACGCGAACGCGAAGTCCG) digested with

Agel/Spel and inserted in the pGK13 vector digested

with Agel/Spel. (This vector contains the strong SERCA

promoter which drives expression in the pharynx, the

3 0 vulval muscle, the tail and the body wall muscle) . A

nuclear localization signal (NLS) of SV40 large T

antigen was inserted in front of the T7 polymerase

coding sequence by insertion of two overlapping

oligo's OGN45 (CCGGATGACTGCTCCAAAGAAGAAGCGTAAGCT) and

3 5 OGN4 6 (CTCACCGGTAATGAACACGATTAACATCGC) into the
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Sacl/Agel restriction sites. The resulting construct

was called pGN108 as shown in Figure 10. Introduction

of this plasmid into C. elegans results in the

expression of T7 RNA polymerase in the pharynx, vulva

5 muscle, tail and body wall muscles.

To test expression and functionality of T7 RNA

polymerase in C. elegans under the regulation of the

SERCA promoter, pGN108, which encodes the T7RNA

polymerase under the control of the SERCA promoter was

10 injected into C. elegans, A test vector was co-

injected. This test vector encodes for GFP under the

control of a T7 promoter (pGN401 in Figure 13) . The

plasmid pGN401 was constructed by inserting two

overlapping oligo's oGN41 (CCCGGGATTAATACGACTCACTATA)

15 and OGN42 {CCGGTATAGTGAGTCGTATTAATCCCGGGAGCT ) in the

Sacl/Agel opened Fire vector pPD97.82. generating a T7

promoter. Furthermore a selection marker was co-

injected to select for transformants (ro!6, pRF4) . The

latter selection vector pRF4 is well known to person

20 skilled in the art. Transgenic Fl could easy be

isolated as they display the rol 6 phenotype. These

transgenic C. elegans all expressed GFP in the

pharynx, the vulval muscle, the tail and the body wall

muscle. This data show clearly that theT7 RNA

25 polymerase is functionally expressed under the

regulation of the SERCA promoter, and that the

expressed T7 RNA polymerase binds to the T7 promoter

present in pGN401 and initiates transcription of the

GFP gene, which is then functionally expressed,

30 resulting in fluorescence in the muscle tissues where

SERCA is inducing the expression of the T7 RNA

polymerase.

35
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Example 3

:

Construction of a vector for ubiquitous

expression of T7 polymerase in C. elegans

5 The NLS-T7 RNA polymerase fusion gene was

isolated from pGN108 with Xmal/Bspl201 and cloned into

the Fire vector pPD103.05 digested with

XmaI/Bspl20I .This results in a vector wherein the T7

RNA polymerase is cloned under the regulation of the

10 let858 promoter. This specific promoter enables the

expression of T7 RNA polymerase in all tissues. The

resulting plasmid was named pGNHO (Figure 14) .

Example 4;

15 Construction of a vector for T7 RNA polymerase

mediated expression of DNA fragments, genes, and

cDNA's under the cpntroj o£ a, T7 prompter.

The Fire vector pPD97.82 was digested with SacI /

20 Agel and a T7 promoter sequence was generated by

insertion of two overlapping oligo's oGN41

(CCCGGGATTAATACGACTCACTATA ) and OGN42

(CCGGTATAGTGAGTCGTATTAATCCCGGGAGCT) into the Sacl/Age/

restriction endonuclease sites. This construct (pGN400

25 Figure 12) contains a GFP open reading frame cloned

between SacI and EcoRI restriction endonuclease sites

under the regulation of the T7 promoter. Any gene,

cDNA, or DNA fragment can be cloned in this vector by

deleting the GFP gene as a Agel/ SacI fragment and

30 cloning the DNA fragment of interest into the vector.

Preferentially the DNA fragment of interest can be

obtained by PCR amplification, inserting the Sacl/Afel

sites in the primers. The resulting DNA fragment after

PCR amplification is the digested and the GFP gene in

35 pGN4 00 is replaced by the amplified DNA fragment.
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Every vector that contains a T7 promoter could be used

for the purpose of T7 RNA polymerase induced

expression in C. elegans, such as the commercially

available pGEM vectors and the pBluescript vectors.

5 This is clearly shown by the pGN401 vector which

expresses GFP under the regulation of the T7 promoter

in a transgenic C. elegans which expresses T7 RNA

polymerase.

The use of pGN400 has the advantage that the

10 vector includes a 3'UTR fragment from unc-54 which

enhances the transcription or stability of the RNA.

Generation of permanent, tissue specific *pseudo

knock-out" RKAi C elegans lines

15

At present, gene knock outs in C. elegans are

obtained after random, large scale mutagenesis and PCR

base sib-selection. This method is bulky, very time

consuming and tedious. It has been described that

20 introducing double stranded RNA into a cell results in

potent and specific interference of expression of

endogenous genes. In C. elegans gene expression can be

down regulated by injection of RNA into the body

cavity of the worm, soaking the worm in a solution

25 containing dsRNA or feeding E. coli that express dsRNA

corresponding to the gene of interest. C. elegans

cells have the ability to take in dsRNA from their

extracellular environment. It has been reported that

mRNA is the target of this ds RNA mediated genetic

3 0 interference (Montgomery and Fire 1998) . It is also

suggested that the targeted RNA is degraded in the

nucleus before translation can occur. Although the

RNAi mediated reduction of gene expression can be

passed on to the next generations, heritability is

35 poor and the effect is rapidly lost during further
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offspring. This is probably due to a continued

decrease of the dsRNA pool. We propose here a method

to construct C. elegans lines with a permanent,

inheritable, RNAi phenotype. The method encompasses

5 the generation of transgenic C. elegans lines by

introducing plasmids containing cDNA fragments of the

target gene in the sense and antisense orientation

under control of a worm promoter or by transcription

of an inverted repeat of the cDNA from a single

10 construct. Alternatively, ds RNA can be transcribed

from a vector harboring a cDNA flanked by two T7

promoters in a C. elegans strain that expresses T7

polymerase. The result is a transgenic worm with an

heritable stable npseudo knock-out" phenotype. The

15 expression of the cDNA or the T7 polymerase can be

general and constitutive but could also be regulated

under a tissue specific promoter. In contrast to RNAi

induced by external ds RNAi (injected, soaked or

feeded) this method would enable to obtain

20 conditional, tissue specific inhibition of gene

expression.

Inhibition of unc-22 expression by RNA

interference results in a "twitching" phenotype.

25

Unc 22 cDNA (exon 22) was cloned in sense and

antisense orientation in pPD103.05. (A. Fire nr L2865)

containing the let 858 promoter that is capable of

expressing RNA sequences in all tissues. The resulting

30 plasmids were named pGN205 (Figure 19a) and pGN207

(Figure 19 b) . These constructs were introduced into

C. elegans together with a selectable marker (rol-6;

GFP) . Transgenic Fl individuals (expressing rol-6 or

GFP) showed a tt twitching" phenotype indicating that

35 RNAi could be mediated by endogenous transcription of
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RNA from transgenic DNA. The RNAi phenotype co-

segregated with the selectable marker into further

offspring. This resulted in the generation of C.

elegans lines with permanent RNAi phenotype.

5

Generation of stable lines T7 RNA polymerase

lines and generation of dual transgenic worms.

An expression system in C. elegans based on an

10 exogenous RNA polymerase demands two plasmids. One is

encoded for the RNA polymerase under the control of a

specific promoter, while the other plasmid encodes for

the DNA fragment to be expressed, under the regulation

of the T7 promoter. In the case of semi stable RNAi

15 also designated pseudo stable knockouts, the DNA of

interest is cloned between two T7 promoters so that

dsRNA can be produced.

As the T7 RNA polymerase expression system is

known to be a high expression system this will result

20 in problems to generate dually transgenic animals. If

the gene to be expressed in the C. elegans nematode is

toxic, this will result in lethal effects and hence in

the construction of a C. elegans without highly

regulated stable expression of the gene of interest.

25 If the gene of interest is essential for the survival

of the organism, RNAi with a DNA fragment from this

gene will also result in lethal effects, so that

pseudo- stable knockouts are not possible.

To overcome this problem the present inventors

30 have designed a system consisting of two transgenic

animals. The first animal is transgenic for the T7 RNA

polymerase, This T7 RNA polymerase can be expressed in

all cells or specific cells or tissues as has been

shown in previous examples. The second transgenic

35 animal is transgenic for the DNA fragment of interest.
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This can be a gene or cDNA linked to a T7 promoter, or

if one wants to perform RNAi a DNA fragment of such

gene cloned between two T7 promoters.

Both transgenic animals are viable and do not

5 show any aberrant phenotypes. This is because the

T7RNA polymerase expressed in the first transgenic

organism is not toxic for the organism, even if

expressed at relative high levels. In the second

transgenic organism, the gene of interest is not

10 expressed or the dsRNA is not produced as these

transgenic animals do not contain the T7 RNA

polymerase.

Expression of the gene or cDNA of interest or

RNAi with a DNA fragment can now be obtained by mating

15 the two transgenic animals. The offspring of these are

dually transgenic and express the gene of interest or

express dsRNa of the DNA fragment of interest.

To generate sufficient males in such a mating, one of

the transgenic animals males can be a C. elegans

20 mutant with a phenotype favouring generation of males.

An Example of such a mutant is him-5. Preferentially

such a mutant will be used to make a C. elegans

transgenic for T7 RNA polymerase, while the

hermaphrodite harbors the DNA fragment under the

25 regulation of the T7 promoter.

To select efficiently for the dual transgenic

offspring a second transgene can be introduced in the

second transgenic animal. This transgene contains a

reporter gene under the regulation of the T7 promoter.

30 The reporter gene can be GFP, luciferase, Beta

galmactosidase, or beta-lactamase. an example of such

a ttransgene are the vectors pGN400 and pGN401.

To obtain inducible, tissue specific expression

of a transgene in C. elegans we can make male stock

35 (i.e. him-5) carrying the T7 polymerase construct
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under the control of different C. elegans promoters

that enable tissue specific expression such as) . This

males can be crossed with hermaphrodites carrying the

gene of interest under the control of a T7 promoter.

5 Furthermore, the transgenes can be integrated

into the genome of the animal. Methods to generate

stable integration of a plasmid into the genome of the

animal have been described (Methods in cell biology,

Vol. 48, 1995, ed. by epstein and Shakes, academic

10 press) and involve radiation of the animal.

This can be done for both animals animals, but

preferentially, the animals expressing the T7 RNA

polymerase are subject to such traetment. This result

in a collection of C. elegans nematodes that stably

15 express T7 RNA polymerase under the control of various

promoters, examples of such promoters are the myo-2

(pharynx expression), myo-3 (body wall muscles), egl-

15 (vulval muscles), unc-119 (pan- neuron) , SERCA

(muscles), let858 (all cells) ges-1 (gut).

20

Construction of RNAi T7 promoter yeast two hybrid

vectors

PGAD424 with forward and reverse T7/T3 and or Spfi

25 In most two-hybrid experiments a cDNA library is

cloned in plasmid pGAD424 (Figure 16) which has been

engineered with additional restriction sites in the

polylinker such as a Ncol site (Clontech) . This

library allows for screening of binding proteins in a

30 yeast two hybrid experiment. We constructed a new

yeast two hybrid vector with the same possibilities

to perform yeast two hybrid, but which contain two

addditional T7 promoters, so that the vector can be

used for T7 RNA polymerase induced pseudo-stable

35 knock-outs. For this we inserted a forward T7 by using
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a T7- linker (consisting of the following primers

aattcttaatacgactcactatagggcc and

catgggccctatagtgagtcgtattaag) into the EcoRI-Ncol site

of pGAD424. The resulting vector was designated

5 pGAD424 -without- FULL- ICE-hoth-T7 . Care was taken to

eliminate stop codons and using maximal polylinker

compatible amino acids. We adopted the same strategy

for the reverse T7 (consisting of both primers

gatccgtcgacagatctccctatagtgagtcgtattactgca and

10 gtaatacgactcactatagggagatctgtcgacg) with BamHl and

Pstl. To avoid loss of Sail, we included this site in

the primer.

The Sail site is important as most libraries are

cloned in this site, adapters are available. This

15 makes the newly constructed vector compatible with

existing vectors.

pAS2 with with forward and reverse T7/T3 and or

Sp6

20

An analogous yeast two hybrid vector was

constructed based on pAS2 (Clontech) . By partial EcoRV

digestion we were able to remove a significant part of

the cyh2 gene. The right construct can be isolated and

25 checked by a restriction digest with Bglll. this

restriction site is present in the EcoRV fragment of

PAS2 to be eliminated. This elimates the cyh2 gene

which is slightly toxic gene and involved in growth

retardation. This gene is non-essential for the

30 performing of RNAi and Yeast two hybrid experiments.

After the elimination of the EcoRV fragment, The

EcoRI restriction site which is located between the

DNA sequence encoding for GAL4DB and HA (epitope)

becomes unique for the plasmid, and can be used to

35 subsitute HA with a T7 promoter containing linker.



WO 00/01846 PCT/EP99/04718

This ensures persistence of all restriction sites,

allowing both in frame cloning and compatibility with

previous vectors and pGAD424 . We used the following

linker (primers: aattcttaatacgactcactatagggca and

5 tatgccctatagtgagtcgtattaag) using Ecorl and Ndel

cloning sites. We adopted the same strategy for the

reverse T7 (primers:

gatccgtcgacagatctccctatagtgagtcgtattactgca

catgggccctatagtgagtcgtattaag and

10 gtaatacgactcactatagggagatctgtcgacg) with BamHl and

Pstl. To avoid loss of Sail we included it in the

primer. The resulting vector was designated pAS2-cyh2-

HA+both T7- final.

Having the T7 promoter (or alternatively the T3,

15 or SP6 promoter) in pGAD424 allows to go quickly from

interacting protein to RNAi and assigning function to

the isolated DNA fragment. An additional advantage is

the ability to make by in vitro transcription coupled

to in vitro translation (There is an ATG in frame with

20 either GAL4DB or GAL4AD) labeled protein which can be

used for in vitro controls (e.g. pull down assays) of

the actual protein-protein interaction.

The sequences of the plasmids produced and the

SP6 and T3 polymerase are identified in the Sequence

25 Listing provided below:
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SP6 DNA-dependent RNA polymerase: SEQUENCE ID NO. 1

swissprot accesion number P06221

protein sequence:

1 mqdlhaiqlq leeemfnggi rrfeadqqrq iaagsesdta wnrrllseli apmaegiqay

61 keeyegkkgr apralaflqc venevaayit mkvvmdmlnt datlqaiams vaeriedqvr

121 fskleghaak yfekvkkslk asrtksyrha hnvavvaeks vaekdadfdr weawpketql

181 qigttlleil egsvfyngep vfmramrtyg gktiyylqts esvgqwisaf kehvaqlspa

241 yapevipprp wrtpfnggfh tekvasrirl vkgnrehvrk ltqkqmpkvy kainalqntq

301 wqinkdvlav ieevirldlg ygvpsfkpli dkenkpanpv pvefqhlrgr elkemlspeq

361 wqqfinwkge carlytaetk rgsksaawr mvgqarkysa fesiyfvyam dsrsrvyvqs

421 stlspqsndi gkallrfteg rpvngvealk wfcinganlw gwdkktfdvr vsnvldeefq

481 dmcrdiaadp Itftqwakad apyeflawcf eyaqyldlvd egradefrth lpvhqdgscs

541 giqhysamlr devgakavnl kpsdapqdiy gavaqvvikk nalymdadda ttftsgsvtl

601 sgtelramas awdsigitrs Itkkpvmtlp ygstrltcre svidyivdle ekeaqkavae

661 grtankvhpf eddrqdyltp gaaynymtal iwpsisevvk apivamkmir qlarfaakrn

721 eglmytlptg fileqkimat emlrvrtclm gdikmslqve tdivdeaaram gaaapnfvhg

731 hdashliltv celvdkgvts iavihdsfgt hadntltlrv alkgqmvamy idgnalqkll

841 eehevrwmvd tgievpeqge fdlneimdse yvfa

T3 DNA dependert RNA polymerase: SEQUENCE ID NO. 2

swissprot accession number P07659

protein sequence:

1 mniieniekn dfseielaai pfntladhyg salakeqlal ehesyelger rflkmlerqa
61 kageiadnaa akpllatllp klttrivewl eeyaskkgrk psayaplqll kpeasafitl

121 kvilasltst nmttiqaaag ralgkaiedea rfgrirdlea khfkkhveeq lnkrhgqvyk

181 kafmqvvead migrgllgge awsswdkett mhvgirliem liestglvel qrhnagnags
241 dhealqlaqe yvdvlakrag alagispnifq pcvvppkpwv aitgggyvan grrplalvrt

301 hskkglmrye dvympevyka vnlaqntawk inkkvlavvn eivnwkncpv adipslerqe

361 lppkpddidt neaalkewkk aaagiyrldk arvsrrisle fmleqankfa skkaiwfpyn
421 mdwrgrvyav pmfnpqgndm tkglltlakg kpigeegfyw lkihgancag vdkvpfperi

481 afiekhvddi lacakdpinn twwaeqdspf cflafcfeya gvthhglsyn cslplafdgs

541 csgiqhfsam Irdevggrav nllpsetvqd iygivaqkvn eilkqdaing tpnemitvtd
601 kdtgeisekl klgtstlaqq wlaygvtrsv tkrsvmtlay gskefgfrqq vlddtiqpai

661 dsgkglmftq pnqaagymak liwdavsvtv vaaveamnwl ksaakllaae vkdkktkeil

721 rhrcavhwtt pdgfpvwqey rkplqkrldm iflgqfrlqp tintlkdsgi dahkqesgia

781 pnfvhsqdgs hlnntwyah ekygiesfal ihdsfgtipa dagklfkavr etmvityenn

841 dvladfysqf adqihetqld kmpplpkkgn lnlqdilksd fafa
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42 _
pGNI08: SEQUENCE ID NO. 3

gttgtcgtaaagagatgttmattrtacttttcaccgggtcctc

cctcatcttcttcttcttcttctctccigctrtcgcitatcacttcttcattcattcttattccttttcatcatca

catagaacatmcaggaggacccngcttggagggttccggatgactgctccaaagaa^

tcttacgagatgggtgaagcacgcttccgcaagatgm

accctactacctaagatgattgcacgcatcaacgactgg^

aaatcaagccggaagccgtagcgtacatcaccattaagaccactctggct^cctaaccagtgctgacaatac

aatcggtcgggccattgaggacgaggctcgcttcggtcgtatccgtgaccngaagctaagcacttcaaga

cgcgtagggcacgtctacaagaaagcatttatgcaagttgtcgaggctgacatgctctctaagggtctactcgg^gcgaggcgtggtcttc

taaggaagactetattcatgtaggagtacgctgcatcgagatgctcat^

tcaagactctgagacmcgaactcgcarctgaatacgctgagg

cgtagttcctcctaagccgtggactggcattactggtgglggctatt^

actgatgcgctacgaagacgtttacaigcctgaggtgtacaaagcgattaacattg^^

gtcgccaacg^caccaagtggaagcattgtccggtcgaggacatccctgcgattgagcgtgaag^

atgaatcctgaggctctcaccgcgtggaaacgtgctgccgctgctgtgtaccgcaagacaaggctcgcaagtc^

cngagcaagccaataagtttgctaaccataaggccatctggttcccttecaacatggactggcgcggttcgtgtto

aaggtaacgaUtgaccaaaggacgtcttacgctggcgaaaggtaaaccaatcggtaaggaaggttactactggctgM

tgcgggtgtcgataaggmcgmcctgagcgcatcaagttcattgaggaaaaccacgagaacatcatggcttg^

ttggtgggctgagcaagattctccgttctgcttccttgcgttctgctttgagtocgctggggtacagcacw

tggcgmgacgggtcngttciggcatccagcactte^

tcaggacatctacgggangttgctaagaaagtcaacgagattctgcaagcagacgcaatcaatgggaccgataacgaa^

gttcagtcatgacgctggcttacgggtccaaagagttcggctt^

tgatgttcactcagccgaatcaggctgctggatacatggc^

tggcttaagtctgctgctaagctgctggctgrtgaggtcaaagato^

gatggmccctgtgtggcaggaatacaagaagcctattcagacgcgcttgaacctgatgttcctcggtcagttccgcttocagcctaccartaaca

acaaagatagcgagattgatgcacacaaaMggagtctggtetcgctcctaacmgtacacagccaagacggtagccaccttcgtaagactgtagtg

tgggtacacgagaagtacggaatcgaatctfflg<^tgattcacgactccttcggta^

gaaactatggttgacacatatgagtcttgtgatgtactggctgatttcUcgacw^

acttccggctaaaggtaacttgaacctccgtgacatcttagagtcggacttcgcgttcgcgmgggcccactag^cggccgtac

cgcgcgmcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtctgiaagcggatgccgggagcagacaagc

ccgtcagggcgcgtcagcgggtgttggcgggtgtcggggctggct^

gaaataccgcacagatgcgtaaggagaaaataccgcatcaggcggccttaagggcctogtgatacgcctattttutaggtuatgtcatg

ggtttcttagacgtcaggtggcactmcggggaaatgtgcgcggaacccctamgtttatt^

aaccctgataaatgcttcaamtattgaaaaaggaagagtatgagtattcaacamccgtgtcgcccttattccxtttmgcg

tgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggmcatcgaactggatctcaacagcggtaaga

cttgagagtmcgccccgaagaacgtmccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgto

aclcggtcgccgcatacactanctcagaa^acttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaato

cagtgctgccataaccatgagtgataacactgcggccaactta^

gggatcatgtaactcgccrtgatcgngggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtegcaatggcaa

caacgttgcgcaaactattaactggcgaactacta^

tgcgctcggcccttccggctggciggmangctgataaatctggagccggtgagcgtgggtctcgcggtotcattgra

aagccctcccgtatcgtagnatctacacgacggggagtcaggc^tatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaa

gcattggtaactgteagaccaagmactcatataucmagattgattmaactt^^

tgaccaaaatcccttaacgtgagtracgttccactgagcgtcagacrccgtagaaaagatcaaaggatcttcttgagatcctttt^

ctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgrc^

gcagafcccaaatactgtccttctagtgtagccgtagttaggccaccacttcaa^

cagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggg

gttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaaggg

agaaaggcggaraggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtc

ctgtcgggmcgccacctctgacttgagcgtcgattmgt

ggncctggcctmgctggcctragctcacatgttcmcctgcgttatcccctgartctgtggataaccglattaccgccmgag

gccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccg

attcattaatgcagctggcacgacaggmcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagnagctcactcam^

ggcmacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaa

aagmaaacatgatcttactaactaacunctcamaaattttcagagcttaaaaatggctgaaatcactcacaacgatggatacgctaacaacttggaa

atgaaataagcrtgcatgcctgcagagcaaaaaaatactgcmtccttgcaaaancggtgcmcncaaagagaaacttngaagtcggcgcgagcat
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ttccttctttgacttctctcntccgccaaaaagcctagcatttta^

tegccctaacagtacatgacaagggcggattattatcgatcg^

ctctcaatatattactagggagacgaggagggggaccmtcgaacgtcgcatgagccattcmcttcmatgcactctcitw

cgattcatagactcccatattccngatgaaggtgtgggttmagcttt^

gagccgaaaaaacatagtagtaagtcttcctmaagccgacactnm

mcaatmttttaattactaaataggcaaaagttttttcaagaactcugaaaaactagcttaatto

tataagatgtaattacgagaagcttttttgaaaattcrc^

agmgtttttaaaggaaaaacacgaaaaaagaacactotttatc^

cggctcttcacaccgtgcttcctcicacttgacccaacaggaaaaaaaaacatcacgtctgagacggtgaattgccttatcaag

cceagtaacaaaaaaaamggtttctttacttt^

ctccagcagcacacaatcatcttcgtgtgttctcgacgattccttgtatg^^^

acmcggtggtatttcucacgtcatcgttgttcgtagtcrcccgc^^

caccactcctgacgtttctaccncngTmccgtccatmgatttutctggaaamttttaaaattmggcca

ggtcagacatocatmctamacaicaaaaaaaaagttgataaagaaaactggttattcagaaagagtgtgtctcgttgaa

cccacccctegcttgtttcteaaaautgagatca^

agatgagagaatttacaaacagaaaigaaaaaaagttggccaaataatgaagttttatccgagattgatg^

ggggagagagagatagamtcgcatcaaactccgccttttocatgtcttto^

cagtaamcgcaatmcttgccaaaaatacacgaaaWg^ggtctcgccacgatctcggtctugtggtte

ttctagtgtttaatttccgcatoattggacctaaa^^

Rccggaaaaccgaatctaaanagtnmgtcatcatntgaacaaaaaatcgagacatccctatagtttcgc

cagtctagaattaaaartcgctggaactgggaccatgatatctra

ccagtgtgtgccamcacacacacacacacacacaatgtcgagattttatgtgttatccctgcttgamcgttccgttgtcte

agccgagaagctccagagaatggagcacacaggatcccggcgcgcgatgtcgtcgggagatggcgccgcctgggaagccgccgagagaiatca

gggaagatcgtctgatttctccicggatgccacctcatctctcgagtttctccgcctgttactccctgccgaacctgatamccc
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pGNl05: SEQUENCE ID NO. 4

aagcttgcatgcctgcaggccttggtcgactctagacactmcagcta^

gaagggctcgccgaaaaatcaaagttatetra

aaaatgactgctccaaagaagaagcgtaaggtaccgglaatgaacacgatmcatcgctaagaacg

gttcaacactetggc^ccatmcggtgagcgttugctcgcg^

gatgmgagcgtcaactuaagctggtgaggngcggamcgctgccgccaagcctcfc^^

cgactggmgaggaagtgaaagctaagcgcggcaagcgcccgacagccttc^

ccatuagaccactctggcttgcctaaccagtgagacaatocaaccgttcaggctgtagcaagcgcaatcggtcgggccattgaggacgaggctcg

cttcggtcgtatccgtgatxttgaagctaagcacttcaagaaaaacgttgaggaacaacto^

tgcaagttgtcgaggctgacatgctctctaagggtctactcggtggcgaggcg^^

gcatcgagatgctcattgagtcaaccggaatggttagcttacaccgc^aatg^^

gaatacgctgaggctatcgcaacccgtgcaggtgcgctggctgg^

actggtggtggctattgggctaacggtcgtcgtcctctggcgctggtgcgtactcacagtaagaaagcactgatgcgctacgaaga

gaggtgtacaaagcgatuacattgcgcaaaacacxgcatggaaaatcaacaagaaagt«^

tgtccggtcgaggacatccctgcgattgagcgtgaagaactcccgatgaaaccgg^

cgtgctgccgctgctgtgtaccgcaaggacag^ctcgcaagtct^

aaggccatctggttccctucaacatggactggcgcggtcgtgtto^

acgctggcgaaaggtaaaccaatcggtaaggaaggttoctactggctgaaaat«^

agcgcatcaagttcattgaggaaaaccacgagaacatcatggctrgcgciaagtctccactggagaacacttggigggctgagcaagattctccgttct

gcttccttgcgttctgcmgagtacgctggggtacagcaccacggcctgagctotaactgctcccttccgctggcgmgacgggtcttgctctggcat

cagcacttctccgcgatgctccgagatgaggtaggtggtcgcgcggtmcttgcttcctagtgagaccgttcaggacatctacgggattgttgcta

aaagtcaacgaganctacaagragacgcaatcaatgggaccgataacgaagtagnaccgtgaccgatgagaacactggtgaaatctctgagaaa

gtcaagctgggcactaaggcactggctggtcaatggctggctcacggtgttactcgcagtgtgactaagcgttcagtcatgacgctggcttacgggtc

caaagagttcggcttccgtcaacaagtgctggaagatoccattcagccagcta^^

ctggatacatggctaagctgatttgggaatctgtgagcgtgacggtggtagctgcggngaagcaatgaactggcttaagtctgctgciaagctgctgg

«gctgaggtcaaagataagaagactggagagattcttcgcaagcgttgcgctg^

agaagcctattcagacgcgcttgaacctgatgttcctcggtcagttccgcttacagcctaccattaacaccaacaaagatagcgagangatgcacaca

^caggagtctggtatcgctcctaacmgucacagccaagacggtagccaccttcgtaagactgtagtgtgggcacacgagaagucggaatcg

atcmtgcactgattcacgactccttcggtaccattccggctgacgctgcgaacctgttcaaagcagtgcgcgaaactatggttgacacam

gtgatgtactggctgamctacgaccagttcgctgaccagttgcacgagtctcaattggacaaaatgccagcacttccggctaaaggtaacttgaacct

ccgtgacatcttagagtcggacttcgcgttcgcgtaagaattccaactgagcgrc^

gccgctgtcatcagagtaagtttaaactgagttctactaactaacgagtaatafflaaatmcagca^

actcttcaacatccctaca^ctcmctccctgtgctcccaccccctamttgttattatcaaaaaaacttcttcttaamc

cctctaacaatgaaatlgtgtagattcaaaaatagaattaattcgtaataaaaagtcgaaaaaaattgtgctccctccccccattaataa

aaatctacacaatgttctgtgtacacttcttatgtttttmacttctgato^

acgmcagtttotgaccgcaatttttamcttcgcacgtctgggcctctcatgacgtcaaatcatgctcatcgtgaaaaagtmgg

caatcaagtgaaagtttatgaaattaatmcctgctmgcttmgggggm

caagtattgatgagcacgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggtgagtagaagttgataatttgaaagtggagta

gtgtctatggggttmgccttaaatgacagaaUrattcccaatataccaaacataactgmcctactagtcggccgtacgggcccmcgtctcgcgcg

tttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtw^

gggcgcgtcagcgggtgttggcgggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcggtgtgm

ccgcacagatgcgtaaggagaaaataccgcatcaggcggccttaagggcctcgtg^

agacgtcaggtggcactracggggaaatgtgcgcggaacccctamgtttattractaaatacancaaatatgtatccgctcatgaga^

gataaatgcttcaataatartgaaaaaggaagagtatgagtancaacaraccgtgtcgcccnattccctttmgcggcatmgccacctg

cccagaaacgctggtgaaagtaaaagargctgaagatcagttgggtgcacgagtgggtucatcgaactggatctcaacagcggtaagatccttgag

agmtcgccccgaagaacgtmccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtangacgccgggcaagagcaactcg

gtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggaiggcatgacagtaagagaattatgcagtg

ctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttmtgcacaacatgggggat

catgtaactcgccttgategttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaac

ttgcgcaaactatuactggcgaactacnactctagcttcccggcaacaatmtagactggatggaggcggataaagttgcaggaccacttctgcgct

cggcccttccggctggctggmangctgataaatctggagccggtgagcgtgggtctcgcggutcartgcagcactggggccagatggtaagccc

tccxgQtcgugctatctacacgacggggagtcaggcaactat^

gtaactgtcagaccaagtmctcatatatactttagattgattuaaacrtcatttttaamaaaaggatctagg

aaatcccttaacgtgagtmcgttccactgagcgtcagaccccgtagaaaagate^

gcaaacaaaaaaaccaccgctaccagcggtggmgmgccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcaga

uccaaaiac^tccttctagtgugccgtagttaggccaccacrtcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagig

gctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagtuccggataaggcgcagcggtcgggctgaacggggggttcg
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tgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaa

aggcggacaggtatccggttagcggcagggjcggaacaggagagcgcacgagggagcttcca

gggtttegccacctctgacttgagcgtcgattmgtgatgctc

ctggcctmgctggcctmgctcacatgttcmcctgcgttotccccigattctgtggataaccgtattaccgccmgagtgagctga

cagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgccc^

tmtgcagctggcacgacaggmcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagtlagctcactcatte

tacactttatgcttccggctcgtatgttgtgtggaattgtgagcggateacaamcacacaggaaacagctatgaccatgattacgccaagc

aaacatgatcttactaactaacttttctcatttaaatmcagagcttaaaa

at
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PGN400: SEQUENCE ID NO- 5

aagcttgcatgcctgcaggccttggtcgactttoga

gaagggctcgccgaaaaateaaagttatctccaggctegcg^

ggattggccaaaggacccaaaggtotgmcgaatgatactoacataacatagaacatmcaggaggacccttgcttggagggiaccgagctcccgg

gattaatacgactcactataccggtagaaaaaatgagtaaaggagaagaactmcactggag^

ggcacaaatmctgtcagtggagagggtgaaggtgatgcaacatacggaaaacttaw^

gtaagmaaacamutatactaactaaccctgattatttaaattttcagccaacacttgtcactactt^

at^totgaaacggcatgacttmcaagagtgccatgcccgaaggttalgUcaggaaagaactatatttttcaaagatgacgggaactacaagacac

gtaagtttaaacagttcggtactaatUaccatecatatttaaattttca^^

aggtattgatmaaagaagatggaaacattcnggacacaaanggaatacaactataacicacacaatgtaucatcatggcagacaaacaaaagaa

ggaatcaaagttgtaagmaaacatgattttactaactaactaatctgatttaaatmcag

actagcagaccattatcaacaaaatactccaattggcgatggccctgtcctttuccagacaaccatucctgtccacacaatctgcccmcgaaagatc

ccaacgaaaagagagaccacatggtccttcttgagmgtaacagctgctgggattacacatggcatggatgaactaiacaaatagcattcgtagaatic

caactgagcgccggtcgcuccattaccaacttgtctggtgtcaaaaataataggggccgctgtcatcagagtaagttta^

cgagtaatatttaaattttcagcatctcgcgcccgtg<xtctgacttctaagtecaa^

cctatttttgttattatcaaaaaaacttcttcttaatttctttgtttma

taataaaaagtcgaaaaaaattgtgctccctccccccattaataataattctat«^

ataaaittttttigaaacatcatagaaaaaaccgcacacaaaataccttatcatatgitacgmcagmatgaccgcaattttumcttcgcacgtc

ctctcatgacgtcaaatcatgctcatcgtgaaaaagtmggagtattmggaatmta^

ggggtttcccctattgmgtcaagagmcgaggacggcgtttttcttgctaaaatcacaagtattgatgagcacgatgcaaga^

tttgggmgaggctcagtggaaggtgagtagaagttgataamgaaagtggagtagtgtctatggggtttttgccttaaatgacagM

ataccaaacauactgmcctacugtcggccglacgggcccittcgtctcgcgcgntcggtgatgacggtgaaaacctctgacacatgcagctcccg

gagacggicacagcttg^ctg^aagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggctggctta

actatgcggcatcagagcagattgtactgagagtgcaccatatgcggtgtgaaata^

cttaagggcctcgtgatacgcctattttutaggttaatgtcatgataataatggmcttagacgtcaggtggcactm^

cctamgtttatttttciaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgct^

caacatttccgtgtcgcccnanccctttmgcggcatragccncctgttmgctcacccagaaacgctggtgaaagtaaaagatgctg

gggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagtt^

gttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcac

cagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctga

caacgatcggaggaccgaaggagctaajxgctttmgcacaacatgggggat^

cataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaacucttactctagcttcccggc

aacaattaatogactggatggaggcggataaagttgcaggaccacttctgcgctc^^

gtgagcgtgggtctcgcggutcattgcagcactggggccagatggtaagccctcccgtaicgtagttatctacacgacggggagtcaggcaactat

ggatgaacgaaatagacagatcgctgagacaggtgcctcactgattaagcattggtaactgtcagaccaagmactcatautacmag

acttcattmaatttaaaaggatctaggtga^gatccttmgataatctcatga

tagaaaagatcaaaggatcttcttgagatccttttmctgcgcgtaatctgctgcttgcaaacaaaa^aaccaccgctaccagcgg

atcaagagctaccaactccttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccactt

caagaactctgtagcaccgccucatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtctuccgggnggactca

agacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactga

galacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggag

agcgcacgagggagcttcCTgggggaaacgcctggtatcmatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtc

aggggggcggagcctatggaaaaacgccagcaacgcggcctttracggttectg^^^

ctgattctgtggalaaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaag

cggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggc

agtgagcgcaacgcaattaaigtgagttagctcactcatuggcaccccaggcmacactttatgcttccggctcgtatgttgtgtggaattgtgagcgg

ataacaatttcacacaggaaacagctatgaccatganacgccaagctguagmaaacatgatcnactaactaaciattctcatnaaattttcagagctt

aaaaatggctgaaatcactcacaacgatggatacgctaacaacttggaaatgaaat
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PGN401 SEQUENCE ID NO. 6

gatcccggcgcgcgatgtcgtcgggagatggcgccgc^^

catctctcgagtttctccgcctgttactccctgccgaa^

agcacagctcagtgnggctgtgtgctcgggctcctgccaccggcggcctcatcttcttcttcttcttctctcctgctctcgcttate

attcctmcatcatcaaactagcatttctttctttatttatttmtcaatm^

ggatrggccaaaggacccaaaggtatgtttcgaatgattcuacamcatagaa^

atgagtaaaggagaagaactmcactggagttgtcccaatttttgtr^^

aggtgatgcaacatacggaaaactucccttaaatttamgcactact^

gattatttaaatttteagccaacacttgtcactactttctgttatggtgt^^

gccatgcccgaaggttatgtacaggaaagaacutattttteaaagaigac^

acatacttaaattttcaggtgctgaagtcaagtttgaaggtgatacccttgttaatagaatcgagttaaaagg

ggacacaaattggaatacaactataactcacacaatgtatacatcatggcagacaaacaaaagaatggaatcaaagttgtaagmaaacttggacttac

toactaacggattatattuaatmcagaactteaaaattagacacaara^

nggcgatggccctgtccttttaccagacaaccattacctgtccacacaatctgcccmcgmgalcccaacgaaaag

tgagtngtaacagctgctggganacacatggcatggatgaactaiacaaatagcattcgtagaattccaactgagcgccggtcgctaccattaccaac

ttgtctggtgtcraaaataataggggccgctgtcatcagagtaagmaaactgagte^

gtgcctctgacttctaagtccaattactcttcaacatccctacatgctctttctccctgtgctcccacc

tcmgtmttagcttettttaagteacctctaacaatgaaattg

cccxattaataataattctatcccaaaatctacacaatgttctgtgtactt

cacacaaaataccttatcatatgttacgtttcagtttatgaccgcaatt^

aagttttggagtattmggaattmcaatcaagtgaaagtmtgaaattaatmcctgctmgcttmggg

gacggcgttmcttgctaaaatcacaagtattgatgagcacgatgcaagaaagatcggaagaagg^

aagttgataamgaaagtggagtagtgtctatggggtttrtgccttaaatgacagaatacattcccaatataccaaacataactgtttcctactagtcggcc

gtacgggcccggtacccagctmgttccctttagtgagggttaattgcgcgcttggcg

cacaauccacacaacatacgagccggaagcaiaaagtguaagcctggggtgccmtgagtgagctaactcacattaangcgngcgctcactgc

ccgctttccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgctcnccgcttcc

tcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcagggg

acgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccct

gacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtg

cgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcc

ttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaacccccc^

cccggmgacacgacttatcgccactggcagcagccactggtaacaggattagcagagc^^

gtggcctaactacggctacactagaaggacagtamggtatetgcgctc^

caaacaaaccaccgctggtagcggtggttttmgtttgcaagcagcagatucgcgcagmaaaaggatctcaagaagatcctngatcmtctacg

gggtctgacgctcagtggaacgaaaactcacgttaagggatmggtcatgagattttcaaa^

ttttaaatcaatctaaagratatatgaguaacttggtctgacagttaccaatgcttaatcagtgagg^

agttgcctgactccccgtcgigtagataaclacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccg

gctccagatttalcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatecgcctccatccagtctattaattgngc

cgggaagctagagtaagtagttcgccagttaatagmgcgcaacgttgttgccattgctacag

attcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtca

^gttggccgcagtgttatcactcatggttatggcagcactgcataanctc^

ccaagtcattctgagaatagtguigcggcgaccgagttgctcttgcccggcgtcaatecgggataataccgcgccacatagcagaactttaaaagtg

ctcatcattggaaaacgttcncggggcgaaaactctcaaggatcttaccgctgttgagatccagUcgatgtaacccactcgtgcacccaactgatcttc

agcatcmuctttcaccagcgmctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaata

ctcatactcttccttmcaatanatrgaagcatttatcagggttangtctcatgagcggaiacatamgaatgtantagaaaaataaacaaataggggttc

cgcgcacamcrccgaaaagtgccacctaaattgtaagcgtmratmgttaaaattc^^^

cgaaatcggcaaaatcccttataaatcaaaagaatagaccgagaiagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgigga

ctccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaagttttttggggtcgaggtgccgtaaa

gcactaaatcggaacccuaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaa

aggagcgggcgctagggcgctggcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgccgctacagggcgcgtc

ccattcgccattcaggctgcgcaactgngggaagggcgatcggtgcgggcctcttcgciaitacgccagctggcgaaagggggatgtgctgcaag

gcgattaagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacggccagtgagcgcgcgtaatacgactcactatagggcgaattg

gagctccaccgcggtggcggccgctctagaactagtg
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PGNM0:
SEQUENCE ID NO. 7

gatcctccaaaatcgtcttccgctctgaaaaacgaa^^

aaatgtttttagaatgctgagaacacgttaaac^

a&tattmcatmcaacgtgaaagttttgtgcaactttatagaatctrc^

tgaatctcmgaagtetactgtcgaaaagactgacttgagcgttcgaaatgccagra^

gcgctccactggacaattggaaaaaaaatttattcggaggcga^

atcgttcgmgtgagaaatttaattgtattcaaacttttttatagtaagatoccgg^

aaggtatgttlcgaatgatactaacataacatagaacatmcaggaggacccttgcttggagggtaccggatga^

tcatgaacacgattaacatcgctaagaacgacttctctgacatcgaactggctgctatcccgttcaacactctggctgacca^

cgcgaacagttggcccttgagcatgagtcttacgagatgggtgaagcacgcttccgcaagatgtttgagcgtcaacttaaagctggtga

taacgctgccgccaagccteteatcactaccct^

cgcccgacagccttccagttcctgcaagaaatcaagccggaagc^^

atacaaccgttcaggctgtagcaagcgcaatcggtcggg^

gaaaaacgttgaggaacaactcaacaagcgcgtagggcacgtcta^^

ctcggtggcgaggcgtggtcttcgtggcauaggaagactctattcatgtaggagtecgctgcatcgagatgctcattgagto

cctacaccgccaaaatgctggcgtagtaggt^

ctggctggcatctctccgatgttccaaccttgcgtagttcctcciaagccgtggactggcatta

ggcgctggtgcgtacicacagoagaaagcactgatgcgcucgaagacgtttacatgcctgaggtgtacaaagcgatta^

. gcatggaaaatcaacaagaaagtcctagcggtcgccaacgm^

gaactcccgatgaaaccggaagacatcgacatgaatcctgaggctctcaccgcgtggaaacgtgctgccgctgctgtgtaccgCM

gcaagtctcgccgtatcagccngagttcatgcttgagcaagccaataagmgctaaccauaggccatctggttcccttacaacatggactggcgcg

gttcgtgtttacgctgtgtcaatgttcaacccgcaaggtaacgatatgara^

toctactggctgaaaatccacggtgcaaactgtgcgggtgtcga

catggcttgcgctaagtctccactggagaacacttggtgggctgagcaagattctccgttctgcnccngcgnctgcmgagta^

accacggcc^agctataactgctcccttccgctggc

gtegcgcggttaacttgcttcctagtgaaaccgttcaggacatctacgggat^

ggaccgataacgaagtagttaccgtgaccgatgagaacactggtgaaatcte^^

ggcttacggtgttactcgcagtgtgactaagcgttcagtcatgacgct^

cattcagccagctettgattccggcaagggtctgatgttcactcagccgaatcaggctgctggatacatggctaagctgamgggaatccgtgagcgt

gacggtggtagctgcggttgaagcaatgaactggcttaagtctgctgctaagctgctggctgctgaggtcaaagataagaagactggaga

gcaagcgngcgctgtgcangggaactcctgatggmccctgtgtg^^

tcagttccgcttacagcctaccattaacaccaacaaagatagcgagattgatgcacacaaacaggagtctggtatcg^

agacggtagccaccncgmgacigtagtgtgggcacacgagaagtacgg^

tgacgctgcgaacctgttcaaagcagtgcg^aaactatggttgacacautgagtcttgtgatgtactggctgamctacgac

ttgcacgagtctcaattggacaaaatgccagcacttccggctaaaggtaa^

ccctcgtcgagtcggtcacaatcacctgaaactccaaaggcagccagt^^^

cmctggtcaaaaagatgaaaRattgattttcagccagatactcccaaaactagcagcgagaagtctgcaagtcgttcacagtcgcccagagaatcgc

gggaagtgagccaagaggtatgttmcaaaaatcaataactgatcataat^^

caagangcagtatiaamcgagaaaaattgagalattcatagagctattgtaaatmcttgamcagactgaaacttcggaaaatcaagagaaaatca^

agaaaaggatgacggggatgatcagcctggcacaccgaacagctatagaagccgggaaacttcaccagctccaaaaaggtccaaggagaccag

gmgtcaaaagcttcctgcgattaattctcatttcaattmcagagaatcagagtacagaaaaatccccggncgttcaa

gcacgttccccgtcacgatctcctagacggcgcxgagaaagaagcte^^

agaaagagccgctggatattctacgaacaagaaccggaggagcatatattccacccgcc^

aagtgaacagtatcagagaatgaattgggaaagaatgaagaaaaagattcacggattggttaacagagtcaacgcgaagaatcttgtte

gagaacttcttcaagagaatgtgattcgncaaagtgagtgagaaaatcgaaggaaaaggaaagaatiaamaattmcaggggacttc

acattattcaagctcaggcmctcaccaggattctctaacgtctatgcagcmggcggcagnatcaactcgaaattccctcatgtcggtgaacttcttctc

cgtcgtctgattglacagttcaaaagaagtttccgtagaaatgacagaggcgtcacggtgaacgtgatcaaattcatcgcacatttganaatcaacaag

ttgctcacgaagttcttgcgctggaaatcatgattctgatgcttgaagaaccaactgatgattcagrtgaagtcgccangcgttcctgaaagagtgtgga

gcaaagcttctggagattgctccagcagclctUacagtgtctacgaccgtcttcgtgcaattctcatggaaactgaaagatcggaaaatgcact

gacgtattcagtatatgattgagactgcaatgcagattegaaaggaw^

aataatttaaattcctactagccaatcaggcgaccttmgcgcatagtt^^

cgacgagatcttctggcttctgtgcagctgcatcgcmgtgctcc^

gtgactggcttgttgctcactggatgcactagacgactganctcgagaaatcagattgagttgcgattagggtgacctagaaattgggaataa^

cttttgaaaatattcaggagganaaaaaaattattctcgacaatcctacaaatttact^

aatgtagaaaatcggaaattggcaatmcagaccatttttaagcatmcaaaaaaaa

ttctgttgtctgacactagttmagtmaaaaaatgttggaagaacatggtgcaataggtaamcatagaatnccatgtgnntmcaat^

caaatcnccaaactcacatmgcggagctgggctatcaagaatcigctgcagttttataagacgagcatctctgaiatcacigaaaatmttmaa^

aaacttgaatatcaactaaacccacttattaacmclcgatcttctgtcgtTcggtacgatgacggtgaagaagccaattgtagtagttgatttggncaast
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ccmcggtgttgacgtcagtgtcctgcaatgctamgttotaacttaggw

tgatctmggattagaaacautaagacaggtttacctato^

ctaggaacgtgttcnagaagamcttacgtaatcgtatgaagaaataacaamga

tagcmccggaaaattttatagmtmttgcaagaaaccactgaaaaccccctra^

tcgamaacagaatttaagtgtaaattgttcacatttagmctattttatcaaatmgttgc

aggggtmcagtggtttttcacatuaaaaagctaatttmctaaaaatccatcatattlccaacm

aaamtgtttttttttttaamttataatttaaaaatagtttte

aatcataaagctacgtctgatctctctcgcacttacctgcgcctgattcg^

ggtagtggacgttcatcacgcaatactgaccaatggtcgtggggtctcacmccg^

gtgtcttcgacgcacgcatgcatccataagcataatccaggagggatggagagaaaaatctt^

aataccgaagaatggctaattgaatggacgtcagrtgttgctgtagttgccaaggcatca^

aggcgutccggcggtcattgaagacttggacttgattgaggaggaggatcagatcatccatara

ggctUgteagtgactgaccacacgcggggggcattaatttaataaattgaate^

ggaggtttatgaggagatccgtaaggaaatcattggaaacgccgatatttcggatgaggatggtggcgacgagttggargargaagM

gatgtggaagaggctccgaagaagactacagagatuttgatoatactgatcagaattga^

atctgtaagttgccggttgccgaaaamgctgaamgccggaaaaaaaaattccgga^

ttcagagaagtctaccigacaatgcaatcatcmggactaccaagaagctgctcacaaattgctgaaaatgaagattccagacagcatgcaggtcagc

galgttgcaaagaaaaatmcgaccaaaaaaaccaaccaatcataaaatttaaaaaaaaac^^
atgtattmgccaaattctaaaaiactotccccgaaatmcaatattte^

cctacgagcgattcttcggaatgctcatcgaacgmctgccgactt^

gattcaccgaattgacatcacaaaactgcggaattlggctcgccnattgctcatttgctctcgacggatgctattgactggaagattttggccgatatgaa

aatgaccgaagaggacacaacncttctggcagaatetautta^te^

nactgatccgtgagmccugagagagngtmcgtattcaatmccctttrocagaacmggctcangcmgttggattattcccacgaacta^

aacagcgcacgamtcgatcaacncncacaatgattggangggtggmgacgnggaacttcgtgaatggctggcaaagggtctcaagaagaaga

agggaatgctggatcagttgaaggccgaatcaagctcagattcatcgtcgtcttcggattcgtcagactcgtctgattcttcggattctga

gactcgtcncagattcctcatcttcttcagaatcagagccagaaccaccgaagaaaaagaagaagaagaacagtgaagagagttccaaaaagaag

gaaaaagagaatanggtcgacgggatcgtggagacaagagagctgaacgtcatcgtgatcaaagtgtggagaacaaggacaaggatcgtcgacg

tcgccaggattctgacgaaaatcgtcggccagaacgaggagatgaccgcaaggatcggagtaaagatcgtcgtcgtcaagactcggatgatgagg

atcggaaaggtcgtgaacgtcgggaagattcaggggaaagacgtcgcggagatcgggatcgacg^atcgaaacaaggatcaggaggatcaccg

tgaagatcgccgtgaccgaagcaaggatcgtgaggatcgacgtgatcgccgtcgtc^^

gaagagcgaggaggacgtcgtcgtgaagtggaatcggatgatcgacgccgacgtcgttgaatt^

atrtatttattctcmgtgtttttmcttgcmctaaaaaattaattcaate

cctctcatctgaacacaatgtgcaagtttatttatcttctcgcmcatttcattagga

atggaaatgaaataaggacacacaatatgcaacaacattcaattcagaaatttggaggaaggmaaaag

ggaaaactagtaaaaaataagcaaagaaattaggcgaacgatgagaattgtcctcgcttggra

aggcaaatgttcggtatggagatctgtaaaaatttttaagttgaaatttggtgttgctcttttacaaaattttrc

cgacacgtcttccaattmcaaattcaaaagagcctttaatgggctgtagttgctaatttctcgttmgaaaatt^

tatttatgatmcaataaamcaaagaaactggtgaaaactcggaaaattgtgaacucagtaatcc^

cccaatacgautttttttaagattcgctagagcggccgccaccgcggtggagctccaattcgccctatagtgagtcgtattacaattcact^^

tttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccccttcgccagctggcguatagcgaagaggccc

gcaccgatcgcccncccaacagttgcgtagcctgaatggcgaatgggacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgc

gcagcgtgaccgcucacttgccagcgccctagcgcccgctccmcgcmcncccttcctttctcgccacgttcgccggcmccccgtcaagctcu

aatcgggggctcccttugggnccgatmgtgctttacggcacctcgaccccaaaaaactigattagggtgatggttcacgte^

gatagacggttmcgcccmgacgnggagtccacgttcmaatagtggaacttgttccaaactggaacaacactcaaccctatcte

gamataagggatmgccgamcggcctanggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt^

ggtggcactmcggggaaatgtgcgcggaacccctatttgttutttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgc

rtcaattatettgaaaaaggaagagtatgagtattcaacamccgtgtcgcccttatt^

gctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagmtcgcc

ccgaagaacgtmccaalgatgagcactttuaagttctgc^tgtggcgcggtattatcccgtattgacgccgggcaagagcaacte

acactattctcagaatgacttggngagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataag

catgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgctttttttcacaacatgggggatcatgtaactcg

ccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaact

attaactggcgaactacttactclagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacnctgcgctcggcccncc

ggctggctggtmrtgctgataaatctggagccggtgagcgtgggtctcgcggUtcaltgcagcactggggccagatggtaagccctcccgtatcg^

agttatctacacgacgggcagtcaggcaaclatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcatiggtaactgtcag

accaagtttactcatatatacmagartgamaaaacrtcatttttaarttaa^

cgtgagtmcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcncttgagatcctttttltctgcgcgtaatctgctgcttgcaaacaaaa

aaaccaccgctaccagcggtggmgtrtgccggatcaagagctaccaactctttnccgaaggtaactggcttcagcagagcgcagataccaaatact

gtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgw^

rggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcc
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cagcttggagcgaacgacctacaccgaactgagataccUcagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcggacagg

tatccggtaagcggcagggtcggaacaggagagcgcacgagggagcnccaggggggaacgcctggtatctttatagtcctgtcgggtttcgccac

ctctgacttgagcgtcgatnttgtgatgrtcgtcaggggggccgagcctotggaaaaacgccagcaacgcggccttttte

ggcctmgcteacatgttcmcctgcgttatcccctgattctgtgga^^

ccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctg

gcacgacaggmcccgaaggaaagcgggcagtgagcgcaacgcaattaatgtgagttacctcactcattaggcaccccaggcmacacttta

tccggctcctatgttgtgtggaattgtgagcggataacaamcacacaggaaacagctatgaccatgattacgccaagctcggaa

agggaacaaaagctgggggg
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gatccgtcgacagatctccctatagtgagtcgtattactgcagccaagct^^

ataagtgtatacaaatmaaagtgactcnaggttttaaaacgaaaattcttgre^

cgctcttattgaccacacctcttccggcatgcaagcttggcgtaatcatggtcatagc^

gagccggaagcataaagtgtaaagcctgggg^cctaatgagtgaggtaactca^

ttcggctgcggcgagcggutcagctcactcaaaggcggtaafccggttatccacagaatcag^

agcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggcttt^

cgccmctcccttcgggaagcgtggcgcmctcatagctcacgctgtaggtatctc^

cccccgttcagcccgaccgctgcgccttatccggtaamtegtcttgagte^^

ggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactt^

gaagccagttactttcggaaaaagagttggtagctcttgatccggcaaacaaacc^^

agaaaaaaaggatctcaagaagatccmgatcmtctacggggtctgacgctcagtggaacgaaaac

aaggatcttcacctagaicctmaaattaaaaatgaagttttaaatcaatttaaa^

acmtctcagcgatctgfctamcgttcatccatagttgcctgactccccgtegtg^

aatgataccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcaga^

gcrtccatccagtctattoartgttgccgggaagctagagtaagtagrtcgcc^

cgctcgtcgmggmggcttcattcagctccggttcccaacgatcaaggcgagtiacatgatcx^

ccgatcgttgtcagaagtaagttggccgcagtgtutcacteatggttatggtt^

tggtgagtactcaaccaigtcartctgagaatagtgtatgcggcgaccgagttgctcngcccggcgtcaatac^ggataataccgcgccacatagcagaac

tttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatctteccgct^

atcttcagcatcttttacracaccagcgmctgggtgagcaaaaacaggaaggaaa^tgccgc^

actc^tactcttccttmcaauttangaagcamatcagggttartgtctcatgagcggatacataragaatgtatttagaaaa

gC8catttccccgaaaagtgccacttgaacgaagcatctgtgcttcatmgtagaacaaa

gctgcatttttacagaacagaaatgcaacgcgaaagcgctatmaccaacgaagaatctgtgcttcatmtgtaM

ttfflcaaaxaaagaatctgagctgcatmtacagaacagaaatgcaacgcgagagcgctafflttcM

catcccgagagcgctamnctaacaaagcatcnagatucttmrtctc^

gttagaagaaggctactttggtgtratmctenccataaaaaaagcttgactccactt^

atmggcatecccgattatattetataccgatgtggattgc^catactttgtgaacaga

gmcttctatmgtctctatatactacgtataggaaatgtttacatmcgtattgttttc

tagagataaacataaaaaatgtagaggtcgagtttagatgcaagttcaaggagcgaaaggtggatggg^ggttatatagggatatag

gcaaagagatactmgagcaatgmgtggaagcggtancgcaatamugtagctcgtucagtccggtgcgttmggtttmga^

gcmtggtmcaaaagcgctagaagncctatacmcugagaataggaacntcggaataggaacttcaaagcgmucgaaaacgagcgcnccgaaaat

gcaacgcgagctgcgcacatacagctcactgttcacgtcgcacctatatctgcgtgtigcctgtatatatatatacatgagaagaacggcatagtgcgtgtttat

gcttaaatgcgtacttatatgcgtctamatgtaggatgaaaggtagtctagtacctcc^

cucccttugctgttctatatgctgccactcctcaauggattegtctcatcct^

cattaacctataaaaauggcgutcacgaggccctttcgtctcgcgcgmcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggcca

cagcttgtctgtaagcggaigccgggagcagacaagcccgicagggcgcgtcagcgggtgnggcgggtgtcggggctggcttM

agcagattgUctgagagtgcaccatagatcaacgacattactatataiaUatataggaagcatttaatagacagcatcgUatatatgtgtacttlgcagttatg

acgccagatggcagtagtggaagatattetttattgaaaaaugcngtcacctucgtaca^

gtcgaaaaaagaaaaggagagggccaagagggagggcattggtgactattgagcacgtgagUtoc^^

tctgttattaamcacaggtagttctggtccattggtgaaagtttgcggcttgcagagcacagaggccgcagaatgtgctctagattccgatgctg

ggtattatatgtgtgcccaaugaaagagaacaangacccggttangcaaggaaaamcaagtcagtaaaagcabtaaaaatagttcaggcactccgaa

atactTggnggc^tgtTtcgtaaicaacctaaggaggatgtmggctctggtcaatgaTtacggcangaiatcgtccaactgcaiggagargagicgtggca

agaataccaagagncctcggmgccagttattaaaagactcgtatttccaaaagactgcaacatactactcagigcagcrtcacagaaacctcaitcgmart

cccttgtttgattcagaagcaggtgggacaggtgaacctttgganggaactcgatttctgactgggttggaaggcaagagagccccgaaagcRacattttat

gttagctggtggactgacgccagaaaatgttggtgatgcgcmgattaaatggcgttattggtgngatgtaagcggaggtgtggagac^

gactctaacaaaatagcaaamcgtcaaaaatgctaagaaataggttattactgagtagtamamaaguttgmgtgcacttgccgatctatgcggtgi

ataccgcacagatgcgtaaggagaaaataccgcatcaggaaattgtaaacgttaatat^

aataggccgaaatcggcaaaatcccnauaatcaaaagaatagaccgagaiagggngagtgngnccagraggaacaagagtccactanaaagaacgt

ggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggccc^tacgtgaaccatcaccctaatcaagttrttiggggtcga

cactaaatcgga^cctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggag

cgggcgctagggcgctggcaagtgiagcggtcacgctgcgcgtaaccaccacacccgccgcgcctaatgcgccgclacagggcgcgtcgcgccancg

ccattcaggctgcgcaactgngggaaeggcgatcggtgcgggcctcttcgctat^
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gggtaacgccagggttttcccagtcacgacgttgtaaaacgacggccagt^

gagcgtcccaaaaccttctwagcaaggtmcagtataatgttacatgcgtacacgcgta^

aatactaacataactataaaaaaataaatagggacctagacttcaggttgtctaact^

gcgtgacataactaattacatgautcctntgttgtttccgggtgtacaatatg^

cgttggtctccctaacatgmggtggcggaggggagatatacaaiagaacagatac«^

cctcattgatggtggtacataacgaactaatactgmgccctagacttgatagccatcatcatatcgaagtltcacto

ataataggcgcatgcaacttcttttctttrttmctmctctctccccc

aaattaacgacaaagacagcaccaacagatgtcgttgttecagagctgatgaggggtatcttcgaacaxacgaaacttm

ctctctaatgagcaacggtatacggccttccttccagttacttgaatttgaaaraaaaaaagmgccgcmgctatcaagtata

tmgtttcctcgtcattgttctcgttcccmcttccttgmcttmctg^

gaaagatgaagctactgtcttctatcgaacaagcatgcgatamgccgacttaaaaagc^

agaacaactgggagtgtcgctactctcccaaaaccaaaaggtctccgctgactagggcacatctgacagaagtggaatcaaggcta

gctatttctactgatmtcctcgagaagaccttgacatgattttgaaaatggatt^

aataaagatgccgtcacagatagartggcttcagtggagactgatatgcctcto^

agtaacaaaggtcaaagacagttgactgtatcgccggaattcttaatacgactcactatagggcatatggccatggaggccccggg
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gatccgtcgacagatctcccutagtgagtcgtattactgcagagate^

ccatctcaamcttteattUtocatcgtmgccttetttUtgtaactet^

gaamtgcccatctntmtggacctaaattcttcatgaaaatatattac^^

tcaaggttgtcggcttgtctaccttgccagaaatttecgaa^

atgatttatgatmtattattaaataagttataaaaaaaataagtgtatacaaatttta^^

tgtaggtcaggttgcmctcaggtatagcatgaggtcgctcttangaccacacctctaccggcatgcccgaaattcccctacc^

aatttcgtgtcgmctattatgaatttcatttataaagtttatgtacaaatatcataaaaaaaga

tcaccgacttcggtggtactgttggaaccacctaaatcaccagnctgatacctgcatccaaaacctttttaM

gttcaatgacaatttcaacatcattgcagcagacaagatagtggcgatagggtcaaccttatt^

aaccaaatgcggtgttcttgtctggcaaagaggccaaggacgcagatggcaacaaacccaaggaacctgggataacggaggcttcatcggagatgatatc

accaaaratgttgctggfgatmaataccamaggtgggttgggttctmcta^

aattcgttettgatggmcctccacagttmctccataatettgaagaggccaaaaca

ggccatgaaagcggccancngtgancmgcacttctggaacggtgungncactatcccaagcgacaccatcaccatcgtcttccmctctmc

aaatacctcccactaattctctgacaacaacgaagtcagtacctttagcaaatt^

ggtcttaagttggcgtacaangaagnctttacggamttagtaaaccngttcaggtctaacactacctgtaccccamagga^

aacggcatcaaccttcttggaggctt<xagcgcctcatctggaagtgggacaccte^

ttgacattggaacgaacateagaaatagctttaagaaccttaatgg^

gcagacanagaatggtatatccttgaaautatatatatattgctgaaatgtaaaaggtaagaaaagttagaaagtaag

aaacaataggtccttaaataatattgtcaacttcaagtattgtgatgcaagcatttagtcatgaacgcttctctattctate

cmccttmctcccaatiTOcagttgaaaaaggtatatgcgt^ggcgacctctgaaattaacaaaaaatiiccagtcatcgaam

ccctg^igttctcgttatgttgaggaaaaaaaUatggttgctaagagattcgaactcttgcalcttacgatacctgagtattccca^

tagctagaggatcaattcgtaatcatggtcatagctgmcctgtgtgaaatt^

agcctggggtgcctaatgagtgaggtaactcacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctggactaatgaatc

ggccaacgcgcggggagaggcggmgcgtattgggcgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatc

agctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgta

aaaaggccgcgttgctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggact

ataaagataccaggcgmccccctggaagctccctcgtgcgctctcct^^

tggcgcmctcatagctcacgctgtaggtatctcagjtcggtgtaggtcgttcgc^

cgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattag

aggcggtgctacagagttcttgaagtggtggcctaacUcggctacacUgaaggacagUmggtato

agagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtmtttgmgcaagcagcagattacgcgcagaaaaaaag

gatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaaggga

aaattaaaaatgaagtmaaatcaatctaaagtatatatgagtaaacttggtctgacagttac^

tcgncatcxatagttgcctgactccccgjcgtgtagataamcgatacggg^

ctcaccggctccagamatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgt

tgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgngngccangctacaggcatcgtggtgtcacgctcgtcgmggtatggcttca

ttcagctccggtlcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagn

ggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcat

tctgagaatagcgtatgcggcgaccgagngctcngcccggcgtcaatacgggataataccgcgccacaugcagaacmaaaagtgctcate

acgttcttcggggcgaaaactctcaaggatctuccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcacc

agcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgngaatactcatactcncctra

attgaagcatoatcagggtttttgtctcatgagcggatacatamgaatgtatttaga

acctgacgtctaagaaaccattatutcatgacattaacctataaaaataggcgtat^

ctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggt

gtcggggctggc^aactatgcggcatcagagcagattgtactgagagtgcaccataacgcatttaagcataaacacgcactetgccgttctt^

atatacacaggcaacacgcagatataggtgcgacgtgaacagtgagctgta^tgcgcagctcgcgttgcatwcggaagcgctcg

gaagttcctattcxgaagttccUtKtcugcUgaaagtataggaacttcagagcgctmgaaaaccaaaagcgctctgaagacgcacm

aaaacgcaccggactgtaacgagctactaaaatattgcgaataccgcnccacaaacangctcaaaagtatctcmgctatatatc

taacctacccatccaccmcgctccngaacttgcatcmactcgacctctacat^

tattratagagtgaatcgaaaacaatacgaaaatgtaaacamcctatacgtagtataiagagacaaaatagaagazatxgttcataattttctgaccaatgaa

gaatcatcaacgctatcacmctgncacaaagtatgcgcaatccacatcggtatagaaDtaatcggggatgcctttatcngaaaaaatgcacccgcagcrt

cgctagtaatcagtaaacgcgggaagtggagtcaggctttTtttatggaagagaaaatagacaccaaagtagccttcttctaaccttaacggacctacagtgc

aaaaagttatcaagagactgcattatagagcgcacaaaggagaaaaaaagtaatctaagatgctttgttagaaaaatagcgctctcgggatgcatttttgtaga

acaaaaa^gaagtatagattcmgttggtaaaatagcgctctcgcgttgcamctgt^
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cgttgcattmgttttacaaaaatgaagcacagattcttcgttggtaa^

aaattagcgctctcgcgttgcatttttgttctai^aatgaagcacagatgcttc^

caecatatccgcaatgacaaaaaaaatgatggaagacactaaaggaaaaaatUacgac^

ggggtatcacgaacacacgaaacttmccttccttcattcacgcacacta^

aaaaagtttgccgcmgctatcaagtataaatogaccigcaanattaatc^

caagcutaccaagcatataatcaactecaagcmgcaaagatggauaagcgga

taccgccgccaatmaateaaagtgggaamttgctgatagctcattgra

ttctcaagcgctncacaaccaattgcctcctctaacgttcatgataactto

tgtcacctggttggacggaccmctgcgtataacgcgmggaatrac

tgaagatoccccaccaaacccaaaaaaagagatcgaattctmtacgactcacUtoggg

agaatcgtgccaataagaagccaatacttccttagatgatgcaataaatattaaaataaaacaaaacagaaggctg
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ccggtggtaccgggccccccctcgaggtcgacggtetcgataagcmcgta^

gttccaggagatcagaaaacagcaactgrtccaaatcttaaggagggagaagaa^

tccttctgatccttctgatcgtgngttgcgaagccaagaaac^^

tctcaagttcattgttcatattgatggtgagccagcaccagatgtaacat^

tgagccatacatetcgagatttgcffigccaaaggcactlcgtaagcaaagtggaaaatatra

acbtcaatatcaaggtaaaaagcaagccaacgaaaccaaagggaccaatcgaggUactgalgtcttcgaaga

raccagaggatgacggaggagagccaattgagttctatgaaattgaaaagatgaacaccaaggacggaa

atacccacttcacagtcgattcactcaacaagggagatcattacaagttccgtgtcaaggctgtcaacagcgaaggaccttctgatcca

aaaccgatotmggctaaaaatccamgatcgtccagatagaccaggtcgt^

ccactagttctagaagcgctgctaagggggccctcgtegagtcggtcacaatcacctgaaa^

agaaaaagagteatctgaacaggffigattttetttctggtcaaaaagatgaaattattgat^

gcaagtcgttcacagtcgcccagagaatcgcgggaagtgagccaaga

aagaaaataatattcgaaaattcctctgaattatcaagangcaglanaatttcgagaaaaattgaga

actgaaacttcggaaaatcaagagaaaatcaaagaaaaggatgacggggatgatcagcctggc^

accagctccaaaaaggtccaaggagaccaggmgtcaaaagcttcctgcgattaattctcatttcaattmcagag

ccggttcgttcaagatctcccagaaggtcttcagcacgttccccgtcacgatctcctagacggcgccgagaaagaagctcagaaa

aagagcttgcaccgctaccagagaaaaagaagaaagagccgctggatattctacgaacaagaacc^

cgactmgcaacaacagattagtgataagc^agtgaacagtatcagagaatgaattggg^

agteaacgcgaagaatcttgncaaattgtcagagaacncttcaagagaat#^

taamaaitmcaggggacnctctgccgtgacattettcaagctcaggcmctwccaggattctctaacgtctatg

tcgaaattccstcatgtcggtgaacttcttctccgtcgtctgat^

caaattcatcgcacamgattaatcaacaagttgctcacgaag^cttgcgctggaaatcatgattctgatgcttgaagaaccaa

agtcgccattgcgttcctgaaagagtgtggagcaaagcttctggagattgctccagca^

gaaactgaaagatcggaaaatgcactggatcgacgmttcagtatatgaUgagactgcaatgcagancgaaaggacaaatngcggtaaggtagaa

tatataaatagtttattagaaaaaaaaaattagaataatttaaattcctactagccaatcaggcgaccttmg

aaractcatattctcgcicggaaatctggaattcgacgagatcttctggcttctg^

ccaagaaccttgttgagttcatcaactgaatctgtgactggcttgttgc

agggtgacctagaaattgggaataatacgaactmgaaaatatteaggaggattaa^

tgctccaacatmtcattaaaagttaatgaaaaaatgtagaaaatcggaaattggra

aataaatgtcatmcagatoaatcgagcgatmctgttgtctgacactagtttto^

aamccatgtgttttttttcaattaaccaattatGcaaatcttccaaactc^

atctctgatatcactgaaaanaattmaatcaaaacngaatatcaactaaacccacttattaacmctcga

gaagccaattgtagtagttgatttggttcaagtccmcggtgttgtacgtcagtgtcrtgcaatgctatttagttataactta

aagtgattaaatogttctctgaacctcttaagatgatctmggattagaaacatataagacaggto

accaaatcggataatccatgcctarctggcatctaggaacgtgtt^

caaaaatogggtmaagigggaugtgtttttattagctaaccggaaaa^

ttggagcagcttctggtcttmgagcaataaaancgataaaacagaatra

cancgaagctgctctaaaaaaatgcattaaaaaaggggtmcagtggttmcacattaa

tcacaacaataaaatgctggtcaaaatgrgttcgaaaaaatgtttttttt^

gtaaattttcagttcaaatttccatttmcaaccataatcataaagctacgtctgatctctctcg^

caaaagaacaagaagaacaagcacgtagttgtggtagtggacgttcatcacgcaatact^

gaggggagactgaagatggcaattgaggacagtgtcttcgacgcacgcatgcatccataagcataatccaggagggatggagagaaaaatcttgnt

ctaagcccctcccmgtaatacatacacatatcmtaccgaagaatggctaangaatggacgtcagctgngctgtagttgccaaggca

aaataactgmgaaagaattaaamnangcaggcgtatccggcggtcattgaagrc

cttaamggaggatgcggttgatccggaaaatgggcttagtaagtgactgaxxacacgcgggggg^

gttcaaactagaiccagaattcgaaaagaacgaggaggtttatgaggagatccgtaaggaaatcattggaaacgccgatatttcggatgaggatggtg

gcgacgagttggatgatgaagaagagggtagtgatgtggaagaggctccgaagaagactacagagattattgataatactgatcagaangactgcct

tcagaaggtattcaTmgagtmgggccggcaaatctgmgttgccggttgccgaaaamgctgaamgccggaaaaaaaaanccggaatttama

aaaactmtgtaaaaatiaaattaaamgcaactracagagaagtctacctgacaatgcaatcatcmggactaccaagaagc

aaaatgaagattccagacagcatgcaggtcagcgatgttgcmgaaaaattttcg^

gtttttttctttttttttatacgagaaaaaccaaaaaaatgtattffl^

cgcgatgcttgtcgattgttgtgctcaacagcgtacctacgagcgattctac

tacmgaaaagcragccaggacacgianccacgattcaccgaattgacatcacaaaaa^

gatgctangactggaagatmggccgatatgaaaatgaccgaagaggacacaacttcttctggcagaatctatattaaaUtatatttaatgaa

gaggcgatgggaatggtuaacncancgagagttactgatccgtgagtticctagagagagrtgtmcgtattcaattttccctatmca

cattgctttgttggattattcccacgaactaalccgaacagcgcacgamtcgatcaacttcltcacaatgattggattgggtggtttgacgttggaacnc

gtgaatggctggcaaagggtctcaagaagaagaagggaatgctggatcagngaaggccgaatcaagctcagattcatcgtcgtcttcggattcgtca

gactcgtagattcttcggattctgacgancatccgactcgtcttcagaltcctcatcttcttcagaatcagagccagaaccaccgaagaaaaagaagaa
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gaagaacagtgaagagagttccaaaaagaaggaaaaagagaatattggtcgacg^^

gtgtggagaacaaggacaaggatcgtcgacgtcgccaggattctgacgaaaat^

agatcgtcgtcgtcaagactcggatgatgaggatcggaaaggtcgtgaacgtcgggaagattcaggggaaagacgtcgcggagatcg^

gtgatcgaaacaaggatcaggaggatcaccgtgaagatcgccgtgaccgaagcaaggatcgtgaggatcgacgtgatcgccgtcgtcaigacte

atgatgatcgtaaaactcgtcgggatagaagtgaagagcgaggaggacgt^^

caaattttoaatactgaaumgrnttmcctattattte

. ntmctctttccgtctcccaattcglattccgctcctctcatctgaacacaatgtgcaagtttatitate

ggtggaagggggaaacacacaaaaggatgatggaaatgaaataaggacacacaatatgcaacaara

aagaaaacataaaaatatatagaggaggaaggaaaactagtaaamtaagcaaagaaattaggcgaa^

cgaatccg^tggagaggcacgmggcgaaggcaaatgttcggtatggag

aaatttttcttccgtttaatcgaaamgatgtamumat^^

atccttaaaggcgcacacctmaaatgtccgccccaatacgatatntraaagattcgctagagcggc

atagtgagtcgtattacaattcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgtucccaacttaatcgc

cttcgcxagctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgtagcctgaatggcgaatgggacgcgccctgtagcg

gcgcattaagcgcggcgggtgtggtggttacgcgcagcgtga^

cgccacgttcgccggcmccccgtcaagctctaaatcgggggctcccttto^

tegggtgatggttcacgtagtgggccatcgccctgatagacggttmcgcccmgacgttggagtccacgttcmaatagtggactt

ggaacaacactcaaccctatctcggtctattctmgamataagggamtgrc

cgcgaattttaacaaaatattaacgtttacaamcaggtggcactmcggggaaatgtgc^cggaacccctamgttta

gtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacamccgtgtcgccctto

cggcatmgtxttcctgttmgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacate^

tctcaacagcggtaagatccttgagagttttcgccccgaagaacgtmro

gacgccgggcaagagcaactcggtcgccgcatecactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcto

gacagtaagagaattatgcagtgctgccataagcatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctoac

gcmtmcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgat

gcctgtagcaatggcaawacgngcgcaaactattaactggcgaactacttactctagcttcccggcaacaaltaatagactggatggaggcg

aagttgcaggaccacttctgcgctcggcccttccggctggctggmat^ctgataaatctggagccggtgagcgtgggtrtc

cactggggccagatggtaagccctcccgtatcgtagtutctacacgacgggcagtcaggcaactatggatgaacgaaatagacagatcgctgaga^

aggtgcctcaagattaagcattggtaactgtcagaccaagraactcatatatactnagattgamaaaacttcattttta^

gatccttmgatoatttcatgaccaa

tttttttctgcgcgtaatctgctgcrtgcaaacaaaaa^

aactggcttcagcagagcgcagaUccaaatactgtccmctagtgtagcc^

cgctctgctaatcctgtteccagtggctgctgccagtggcgata^

ggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcg^gagcatt^

cgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggg

aacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatmtgtgatgctcgtcaggggggccgagcctatgga

ccagcaacgcggcctttttacggttcctggcctffigctggcctmg^

"gagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgc^

ctctccccgcgcgttggccgattcattaatgcagctggcacgacaggmcccgactggaaagcgggcagtgagcgcaacgcaattaatgtga^

cctcactcattaggcaccccaggcmacacmatgcttccggctcctatgttgtgtggaattgtgagcggataacaamcacacaggaaacag

accatgatucgccaagctcggaatuaccctcactaaagggaacaaaagctgggggggatcctccaaaatcgtcttccgctctgaaaaacgaaagt

ggaccmgacatccgaaaaaatgggcgaaaaaatgaaattgagcttmgggtcgaaaaaaatgtttttagaatgctgagaacacgt^

atcatotttamtgagacccggatgctctgaaaatgtctgacatagatttaaaaaagcatatatatatttttcattttcaacg

gaatctcctattggcacattgttnttatttaactgaggcagttmgaacaccttmgaaacmgaatcrctttgaagta^

gcgttcgaaatgccagaagaaaactatamgaatctcgcgctaaattgagaaatgcaaw^

ggcgacaacggtatmcgaaangatmctgtgtatmctcattttnataaancttcmgamatcgttcgmgtgagaaamaatt

atagtaagata
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pGN207: SEQUENCE ID NO. 11

ccggtggtaccgttagccgtacgaacccgggttctagaacuigtggatcccac^^

cctggtctatctggacgatcaaatggammgccaaaatatcggmca^^

cttgtaatgatctcccngngagtgaatcgactgtgra^

categaastcaattggctctcctccgtcatcctctggtggtttc^

cgTtggcttgctmtaccttgatangatagtgacactgtcagttca^

aagcaaatctcgagatgtatggctcatmcaafflgagccttgcrctcta^

atatgaacaatgaacttgagagtggctccgaccttgacagttgtatcagaaagatettcacgatgaattcttggagcaaggm

acgatcagaaggatcagaaggatctecagttccagcxttgttacgagcagaaattcrgaattgatata

tttctgatctcctggaacaacgagagcttcttcccatcgtccattcttatrc

cctcgtcgagtcggtcacaatcacctgaaactccaaaggcagccagtga^

ttctggtcaaaaagatgaaattattgamtcagccagatactrccaaaactagw^

ggaagtgagccaagaggtatgmttcaaaaatcaataactgatcattattttttttgmggt^

aagattgcagtattaatttcgagaaaaangagatattcatagagctatt^

gaaaaggatgacggggatgatcagcctggcacaccgaacagctatagaagccgggaaacttcaccagctccaaaaaggt^

ttgtcaaaagcrtcctgcgattaattctcamcaattmcagagaatcagagtctcctgaaaaatccccggttcgttcaa

cacgnccccgtcacgatctcctagacggcgccgagaaagaagctcagaaagaaagcaatccgaagagccagcaccgctaccagagaaaaagaa

gaaagagccgctggatattctacgaacaagaaccggaggagcatatattccacccgccaaacttcgacttatgc

agtgaacagtatcagagaatgaattgggaaagaatgaagaaaaaga

agaacttcttcaagagaatgtgattcgttcaaagtgagtgagaaaatcgaaggaaaa^

attattcaagctcaggctttctcaccaggattctctaacgtctatgcagcmggcggcagttatcaactcgaaattccctc

gtcgtctgattgtacagtteaaaagaagtttccgtegaaatgacagaggcgtcac^

gctcacgaagttcttgcgctggaaatcatgattctgatgcttgaagaaccaactgatgattcagttgaagtcgccattgcgttcctgaaagagtgtggag

caaagcttctggagattgctccagcagctctmcagtgtctacgaccgtcttcgtgcaaactcatggaaactgaaagatcggaaaatgcactggatcg

acgtottcagtamgattgagactgcaatgcagattcgaaaggacaaamgcggtaaggtagw^

ataatttaaattcctactagccaatcaggcgacctttttgcgcatagttctata^

gacgagatcttctggcnctgtgcagctgcatcgcmgtgctcccmctcgcttgtcttctgtgtacaccaagaaccttgrtgagttcatcaactgaate

gactggcttgttgctcactggatgcaclagacgactgattctcgagaaatcagattgagttgcgattagggtgacctagaaattggg

mgaaaatattcaggaggattaaaaaaattanctcgacaatcctacaaatttacttangcaccatgttgctccaaca

atgtegaaaatcggaaattggcaatmcagaccatttttaagcattttc^

ctgngtctgacamgtttttagttttaaaaaatg^ggaagaacatggtgcaataggtaamcatagaatttccatg

aaatcttccaaactcacatmgcggagctgggctatcaagaatctgctgcagM^

aacttgaatatcaactaaacccactuttaacmctcgatcttctgtcgttcggtacgatgacggtgaagaagccaat^

cmcggtgttgtacgtcagtgtcctgcaatgctatttagftai^

gatctmggattagaaacatauagacaggtttacctatctattaaaaaacagatcaaaatagatacgaccaaatc^^

ctaggaacgtgrtcttagaagatttcnacgtaatcgutgaagaaataacaamgatcg^

tagctaaccggaaaatttutagttmtmgcaagaaaccactgaaaaccccctaattgcatacammggagcagcnctg^

tcgataaaacagaatimgtgtaaangncacatttagmctamtalcaaattngttgctcaaaaacattcg

aggggtmcagtggtmtcacamaaaaagctaatttuacuaaaatccatcatamccaacmgtcacaacaataaaatgctggtca

aaaaaatgnmtttttmtttttaiaatttaaaaatagttttcmcgctgggacacatacatttttgggcg

aatcataaagctacgtctgatctctctcgcacttacctgcgcctgattcgaaagaacaaccglagccaaaagaacaagaagaacaagcacgtagngt

ggtagtggacgttcatcacgcaatoctgaccaatggtcgtggggtctcactttccgtactattgagagaggggagactgaagatggcaattgagga

gtgtcttcgacgcacgcatgCatccataagcataatccaggagggatggagagaaaaatc^^

aataccgaagaatggctaartgaatggacgtcagtfgttgctgtagttgccaa

aggcgtatccggcggtcangaagacttggacrtgattgaggaggaggatcagatcatccatacacnaatttggaggatgcggttgatccggaaaatg

ggcttagtaagtgactgaccacacgcggggggcanaatttaataaartgaattccamcagatgtgttcaaactagatccagaattcgaa

ggaggtttatgaggagatccgtaaggaaatcattggaaacgccgatamcggatgagg

gatgtggaagaggctccgaagaagacucagagattattgaiaatactgatcagaangactgcmcagaaggtattcamtgagttttgggccggcaa

atctgtaagngccggttgccgaaaamgctgaamgccggaaaaaaaaanccggaamatttaaaaacttmgtaaaaattaaa

ncagagaagtctacctgacaatgcaatcatcmggactaccaagaagctgctcacaaattgctgaaaatgaagattccagacagcatgcaggtcagc

gatgttgcaaagaaaaatmcgaccaaaaaaaccaaccaatcataaaatttaaaaam

atgtattWgccaaattctaaaatactatccccgaaamtcaatattttctcmcagaacgaactctgcgcgaJgcttgtcgattgttgt^

cctacgagcgattctecggaatgctcatcgaacgmctgccgacttcgcctcgaataccagcaatatrlttgaaaagctctgccaggacacgtattccac

gattcaccgaattgacatcacaaaactgcggaamggctcgccttottgctcamgctctcgacggatgcuttgactggaagatmggccgatatgaa

aatgaccgaagaggacacaacttcttciggcagaatctatattaaatatatatttaatgaa^

ttactgatccgigagmccugagagagttgtmcgtattcaatmccctatm^^

aacagcgcacgatmcgatcaacttcncacaatgattggattgggtggmgacgttgg^

agggaatgctggatcagttgaaggccgaatcaagctcagattcatcgtcgtcttcggattcgtcagactcgtctgattcncggattctgacgattcatcc

gactcgtcttcagattcctcatcttcncagaatcagagccagaaccaccgaagaaaaagaagaagaagaacagtgaagagagttccaaaaagaag
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gaaaaagagaatattggtcgacgggatcgtggagacaaga^

tcgccaggattctgacgaaaatcgtcggccagaacgaggagatgaccgcaaggatcggagtaaagatcgtc

tgaagatcgccgtgaccgaagcaaggatcgtgaggatcgacgtgatcgccgtcgtcaigactctgatgatgatcgto

gaagagcgaggaggacgtcgtcgtgaagtggaatcggatgatcgacgc^^^

amantartctcOTgtgtnttmcttgcmctaaaaaattaattcaatccaaatctaaacatgagcggtttttmc

atggaaatgaaataaggacacacaatatgcaacaacattcaattcagaaatatggaggaaggtnaaaagaaaacalaaa^

ggaaaactogtaaaaaataagcaaagaaattaggcgaa^

aggcaaatgttcggtotggagatrtgtaaaaattra^

cgacacgrcttccaattracaaattcaaaagagccmaatgggctgtogttgctaatttctegttt^

totttotgattttcaataaamcaaagaaact^

cccaatacgatotrcmaagattcgctagagcggc^

tttacaacgtcgtgactgggaaaaccctggcgttecccaacttaatcgccrtgcagcacatccccccttcg

gcaccgatcgcccttcccaacagttgcgtagcctgaatggcgaatgggacgcgccctgtagcggcgcattaagcgcggcggg^

gcagcgtgaccgctacacttgccagcgccctagcgcccgctccmcgcracttcccttccractcgccacg^

aatcgggggctccctttagggnccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtga

gatagacggttmcgcccmgacgttggagtccacgncrcaatag^

gatttataagggatmgccgamcggcctattggttaaa^

ttcaamtattgaaaaaggaagagtatgagtattraacatttccgtgtcgcccttattcccmmgcggca^

ccgaagaacgtmccaatgatgagcactmaaagitctgctatgtggcgcggtanatcccguttgacgccgggcaagag^

acactanctcagaatgacttggttgagtactcaccagtcacagaaaa^

catgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttmcacaacatg

ccttgatcgttgggaaccggagctgaatgaagccaiatt^

anaactggcgaactactiactcugcttcccggcaacaattaatagactggatggaggcggataaag^

ggctggctggtttangctgamatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagcw

accaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggt^

cgtgagtmcgttccactgagcgtcagacccxgtagaaaagatcaaaggatcncttgagatcctttttttctgcgcgtaa^

aaaccaccgctaccagcggtggmgmgccggateaagagctaw

gtccttciagtg^gccgtagttaggccaccacttcaaga^^^

tggcgataagtcgtgtctiaccgggnggactcaagacgatagttaccggalaaggcgcagcggtcgggctgaacgggggg^

latccggtaagcggcagggtcggaacaggagagcgcacga^gagcttccaggggggaacgcctggtatctttatagtcctgtcgggm

ctctgacttgagcgtcgattragtgatgctcgtcaggggggccgagcctatggaaaaacgccagcaacgcggcc^^

ggcctmgctcacatgttctncctgcgttatcccctgattctgtggataaccgtattaccgccmgagtgagctgataccgctcgccgcagccgaacga

ccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctg

gcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttacctcactcattaggcaccccaggcmacac^

tccggctcctatgttgtgtggaangtgagcggataacaamcacacaggaaacagctatgaccatgattacgccaagctcggaattaaccctcactaa

agggaaraaaagctgggggggatcctccaaaatcgtcnccgctctgaaaaacgaaagtggaccmgacatccgaaaaaatgggcgaaaaaa^

aattgagcttmgggtcgaaaaaaatgmttagaatgctgagaa^

acatagatttaaaaaagcafatatatetttttcatmcaa^

ttmgaacaccttmgaaacmgaatctcmgaagtatactgtcgaaaagactgacttgagcgttcgaaatgccagaaga^^

gctaaattgagaaatgcaaccgcgctccactggacaanggaaaaaaaara^

catmttataaartcttcmgatrtatcgttcgmgtgagaaatnaattgtattcaaacttttttalagtaagata
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Claims

1. A method of identifying DNA responsible for

conferring a particular phenotype in a cell which

5 method comprises

a) constructing a cDNA or genomic library of

the DNA of said cell in a suitable vector in an

orientation relative to a promoter (s) capable of

initiating transcription of said cDNA or DNA to double

0 stranded (ds) RNA upon binding of an appropriate

transcription factor to said promoter (s)

,

b) introducing said library into one or more of

said cells comprising said transcription factor, and

c) identifying and isolating a particular

5 phenotype of said cell comprising said library and

identifying the DNA or cDNA fragment from said library

responsible for conferring said phenotype.

2. A method according to claim 1 wherein said

library is organised into hierarchical pools prior to

step b)

.

3. A method of assigning function to a known

DNA sequence which method comprises

a) identifying a homologue(s) of said DNA

sequence in a cell,

b) isolating the relevant DNA homologue(s) or a

fragment thereof from said cell,

c) cloning said homologue or fragment thereof

into an appropriate vector in an orientation relative

to a suitable promoter (s) capable of initiating

transcription of dsRNA from said DNA homologue or

fragment upon binding of an appropriate transcription

factor to said promoter(s),

d) introducing said vector into said cell from
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step a) comprising said transcription factor, and

e) identifying the phenotype of said cell

compared to wild type.

4. A method according to any of claims 1 to 3

wherein said DNA library, homologue or fragment is

cloned in a sense and an antisense direction relative

to said promoter.

5. A method according to any of claims 1 to 3

wherein said DNA library, homologue or fragment is

cloned between two promoters capable of producing

dsRNA from said DNA library, homologue or fragment

upon binding of said transcription factor to said

promoters.

6. A method according to any of claims 1 to 5

wherein said cell is adapted to express said

transcription factor.

7. A method according to any of claims 1 to 6

wherein said DNA library, homologue or fragment is

constructed in a suitable vector which comprises a

sequence of nucleotides encoding said transcription

factor bperably linked to a suitable promoter.

8. A method according to any of claims 1 to 6

wherein said transcription factor is encoded by a

further vector independent of the vector including

said DNA library, DNA homologue or fragment and which

sequence encoding said transcription factor is

operably linked to a suitable promoter.

10

15

20

25

35

9. A method according to claim 7 or 8

wherein said transcription factor comprises any of T7,
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T3 or SP6 polymerase.

10. A method according to claim 7 or 8 wherein

said suitable promoter comprises any of let 858,

5 SERCA, UL6, myo-2 or myo-3.

11. A method according to any of claims 7 to 10,

wherein said suitable vector or said further vector

comprises a selectable marker.

10

12. A method according to claim 11 wherein said

selectable marker comprises a nucleotide sequence

capable of inhibiting or preventing expression of a

gene in said cell and which gene is responsible for

15 conferring a known phenotype.

13. A method according to claim 12 wherein said

nucleotide sequence comprises a sequence which is a

part of or identical to said gene conferring said

phenotype, and which nucleotide sequence is itself

oriented relative to a suitable promoter (s) capable of

initiating transcription of double stranded RNA upon

binding of an appropriate transcription factor to said

promoters

.

20

25

30

14. A method according to claim 12 wherein said

nucleotide sequence is a part of or identical to said

gene sequence conferring said phenotype, and which

nucleotide sequence is such as to permit integration

of said suitable or further vector by homologous

recombination in the genome of said cell and following

said integration said nucleotide sequence is capable

of inhibiting expression of said gene sequence

conferring said phenotype.

35
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15. A method according to claim 14 wherein said

nucleotide sequence comprises stop codons sufficient

to prevent translation of said nucleotide sequence

following its integration into said genome.

16. A method according to any preceding claim

wherein said cell is a microorganism suitable for

feeding to, transforming or infecting an organism.

17. A method according to any of claims l to 14

wherein said cell is contained in an organism or an

embryo thereof.

18. A method according to any of claims 1 to 17

15 wherein said promoters are T7 promoters.

19. A method according to any of claims 12 to 18

wherein said known gene sequence comprises a sup-35

gene or a fragment thereof which is selectable by

20 identifying offspring growing at a temperature above

25°C following introduction of said vector in the

genome of a pha-1 etl23ts mutant C. elegans worm.

20. A method according to any of claims 1 to 19

25 wherein said cell or organism is contacted with a

specified compound for screening for a desired

phenotype, such as resistance or sensitivity to said

compound when compared to the wild type cell or

organism.

30

21. A method according to any preceding claim

wherein said transcription factor is inducible.

22. A method according to claim 16 wherein said

35 microorganism is an £. coli strain which is an RNAase
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III and preferably an RNAase negative strain.

23 . A method according to any of claims 17

wherein said organism is selected from the class

5 nematoda.

24. A method according to claim 23 wherein said

organism is Caenorhabditis elegans.

10 25. A method of generating a transgenic non-

human organism comprising an exogenous transcription

factor and a transgene comprising a promoter operably

linked to DNA fragment which is expressed upon binding

of said transcription factor thereto, the method

15 comprising

a) providing a first transgenic organism

comprising a first construct incorporating DNA

encoding an exogenous transcription factor and a

second transgenic organism comprising a second

20 construct including at least one promoter operably

linked to a desired DNA sequence which is expressed

upon binding of the transcription factor of said first

transgenic organism thereto,

b) crossing said first and second transgenic

25 organisms and selecting offspring expressing said

desired DNA sequence.

26. A method according to claim 25 wherein said

first and second transgenic organisms are generated by

30 transforming said first and second constructs into

respective microorganisms for subsequent feeding to

the respective organism.

27. A method according to claim 25 or 26 wherein

35 said second construct comprises said desired DNA
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sequence in an orientation relative to said promoter

so as to be capable of initiating transcription of

said DNA to dsRNA upon binding of said transcription

factor thereto.

5

28. A method according to claim 27 wherein said

second construct comprises two promoters flanking said

desired DNA sequence which promoters can initiate

transcription of said DNA sequence to dsRNA upon

10 binding of said transcription factor to said

promoters.

29. A method according to claim 27 wherein said

DNA sequence is provided in a sense and an antisense

15 orientation relative to said promoter so as to produce

dsRNA upon binding of the transcription factor to the

promoter.

30. A method according to any of claims 25 to 29

2 0 wherein said second transgenic organism further

comprises a reporter gene operably linked to a

promoter which is capable of initiating transcription

of said reporter upon binding of said transcription

factor thereto.

25

31. A method according to any of claims 25 to 30

wherein said transcription factor comprises a

polymerase.

30 32. A method according to claim 31 wherein said

polymerase comprises any of T7, T3 or SP6 polymerase.

35

33. A method according to any of claims 25 to 31

wherein said promoters comprises any of T7, T3 or SP6

promoters.
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34. A method according to claim 30 wherein said

reporter gene comprises any of those sequence encoding

Luciferase, Green Fluorescent protein, 3 galactosidase

or (3-lactamase.

5

35. A method according to any of claims 25 to 30

wherein said organism is of the species nematoda.

36. A method according to claim 35 wherein said

10 nematoda species is C. elegans.

37. A transgenic non-human multicellular

organism obtainable according to the methods of any

one of claims 25 to 34

.

15

38. A method of validating clones identified in

yeast two hybrid vector experiments which method

comprises

a) providing a construct including the DNA

20 encoding the protein identified in the two hybrid

vector experiment, which construct is such that said

DNA is orientated relative to a promoter (s) that is

capable of initiating transcription of said DNA to

double stranded RNA upon binding of an appropriate

25 transcription factor to said promoter (s),

b) transforming a cell comprising said

transcription factor with said construct, and

c) identifying a phenotypic change in said cell

or organism when compared to a wild type.

30

39. A method according to claim 38 wherein said

DNA sequence is provided between two

promoters capable of initiating

transcription of the DNA sequence to dsRNA

35 upon binding of the transcription factor to
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said promoters.

40.A method according to claim 38 wherein said

DNA is provided in a sense and an antisense

5 orientation relative to said promoter such that

binding of the transcription factor to said promoter

initiates transcription of dsRNA from said DNA

.

41. A method according to any of claims 38 to 40

10 wherein said transcription factor is inducible in said

cell.

42. A method according to any of claims 38 to 41

wherein said promoter is a phage polymerase promoter

15 and said transcription factor is a RNA polymerase.

43. A method according to claim 42 wherein said

polymerase is any of T7 RNA polymerase, T3 RNA

polymerase or SP6 RNA polymerase.

20

44. A method according to claim 43 wherein said

promoters comprise any of T7, T3 or SP6 promoter

45. A method according to any of claims 38 to 44

25 wherein said construct is such that it may be used in

yeast two hybrid experiments.

46. A method according to any of claims 38 to 45

wherein said cell is an E. coli cell.

47. A method according to any of claims 38 to 45

wherein said cell is part of an organism or an embryo

thereof

.

35 48. A method according to claim 47 wherein said
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organism is of the species nematoda and preferably C.

elegans.

49. Plasmid pGNl as illustrated in Figure 1.

5

50. Plasmid pGNlOO as illustrated in Figure 2.

51. The yeast two hybrid vector plasmid

illustrated in any of Figures 4, 15 or 16(Seq ID Nos 8

10 and 9)

.

52. A plasmid as illustrated in Figure 7.

53. A plasmid as illustrated in Figure 8.

54. A method of alleviating infestation of plant

pests, which method comprises

a) identifying a DNA sequence from said pest

which is critical for its survival, growth,

proliferation,

b) cloning said sequence from step a) or a

fragment thereof in a suitable vector in an

orientation relative to promoter (s) such that said

promoter (s) is capable of initiating transcription of

said DNA sequence to RNA or dsRNA upon binding of an

appropriate transcription factor to said promoter{s)

,

and

c) introducing said vector into the plant.

55. A method according to claim 54 wherein said

DNA sequence is provided between two promoters such

that binding of the transcription factor to the

promoters results in transcription of the DNA to

dsRNA.

20

35
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56. A method according to claim 54 wherein said

DNA sequence is provided in a sense and an antisense

orientation relative to said promoter such that

binding of the transcription factor to the promoter

5 results in transcription of the DNA to dsRNA.

57. A method according to claim 54 wherein said

pest is a nematode worm.

10 58. A method according to claim 57 wherein said

nematode comprises any of Tylenchulus ssp. Radopholus

ssp., Rhadinaphelenchus ssp., Heterodera ssp.,

Rotylenchulus ssp., Pratylenchus ssp., Belonolaimus

ssp., Canjanus ssp., Meloidogyne ssp., Globodera ssp.,

15 Nacobbus ssp., Ditylenchus ssp., Aphelenchoides ssp.,

Hirschmenniella ssp., Anguina ssp., Hoplolaimus ssp.,

Heliotylenchus ssp., Criconemellassp
. , Xiphinemassp.

,

Longidorus ssp., Trichodorus ssp., Paratrichodorus

ssp., Aphelenchs ssp.

20

59. A method according to claim 55 wherein said

DNA sequence or fragment thereof is cloned between two

tissue, preferably root specific promoters.

25 60. An expression vector for use in a method

according to any proceeding claim comprising a

promoter or promoters oriented relative to a DNA

sequence such that they are capable of initiating

transcription of said DNA sequence to double stranded

30 RNA upon binding of an appropriate transcription

factor to said promoter or promoters.

61. An expression vector according to claim 60

comprising two identical promoters flanking the DNA

35 sequence.
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62. An expression vector according to claim 60

comprising said DNA sequence in a sense and an

antisense orientation relative to said promoter.

5 63. An expression vector according to any of

claims 60 to 62 which further comprises a nucleotide

sequence encoding a selectable marker.

64. An expression vector according to claim 63

10 wherein said nucleotide sequence encoding said

selectable marker is orientated relative to the

promoter (s) such that transcription of the nucleotide

sequence to double stranded RNA occurs upon binding of

an appropriate transcription factor to said

15 promoter (s)

.

65. An expression vector according to claim 64

wherein said nucleotide sequence encoding the

selectable marker is provided between the identical

20 promoters capable of initiating transcription of the

nucleotide sequence to dsRNA upon binding of the

transcription factor to the promoters.

66. An expression vector according to claim 64

25 wherein said nucleotide sequence encoding the

selectable marker is provided in a sense and an

antisense orientation relative to the promoter such

that transcription of the nucleotide sequence to dsRNA

upon binding of the transcription factor to said

30 promoter occurs.

67. An expression vector according to claim 63

or 64 wherein said selectable marker comprises a

nucleotide sequence encoding sup- 35, for introduction

35 into C. elegans having a pha-1 mutation.



WO 00/01846 PCT/BP99/04718

- 70 -

68. An expression vector for expressing an

appropriate transcription factor for use in a method

according to any of claims 1 to 48 and 54 to 59 which

vector comprises a sequence of nucleotides encoding

5 said transcription factor operably linked to suitable

expression control sequences.

69. An expression vector according to claim 68

wherein said expression control sequences include

10 promoters which are inducible, constitutive, general

or tissue specific promoters, or combinations thereof.

70. An expression vector according to any of

claims 68 to 69 wherein said transcription factor

15 comprises a phage polymerase, and preferably T7 RNA

polymerase.

71. An organism or cell transformed or

transfected with a plasmid according to any of claims

49 to 53 or an expression vector according to any of

claims 60 to 70.

72. An organism according to claim 71, which is

of the species nematoda and preferentially C. elegans.

25

73. A method of introducing dsRNA or DNA capable

of producing dsRNA into an organism which method

comprises feeding said organism with a suitable

microorganism comprising an expression vector

3 0 according to any of claims 60 to 67 or feeding said

organism directly with an expression vector according

to any of claims 60 to 67.

74. A method according to claim 73 wherein said

35 microorganism or said organism is adapted to express
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said transcription factor.

75. A method according to claim 74 wherein

either said microorganism or said organism comprises

5 an expressing vector according to any of claims 66 to

69.

76. A method according to any of claims 73 to 75

wherein said organism is C. elegans and said

10 microorganism is coli.

77. A method according to claim 76 wherein said

E. coli strain is an RNAaselll negative strain.

15 78. A method according to any of claims 73 to 75

wherein said organism is a C. elegans nuc-I mutant.

79. A selection system for identifying

transformation of a cell or organism with a vector

20 according to claims 60 to 63 which system comprises a

vector according to claims 60 to 63 and said

selectable marker comprises a nucleotide sequence

capable of inhibiting or preventing expression of a

gene in said cell or organism which gene is

25 responsible for conferring a known phenotype.

80. A selection system according to claim 79

wherein said nucleotide sequence comprises a sequence

which is a part of or identical to said gene

30 conferring said known phenotype, and which nucleotide

sequence is itself located between two identical

promoters capable of initiating transcription of

double stranded RNA upon binding of an appropriate

transcription factor to said promoters.

35
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81. A selection system according to claim 79

wherein said nucleotide sequence is a part of or

identical to said gene sequence which confers a known

phenotype on said cell or organism, and which

5 nucleotide sequence permits integration of said vector

by homologous recombination in the chromosome of said

cell or organism and following said integration said

sequence inhibits expression of said gene sequence

conferring said known phenotype.

10

82. A selection system according to claim 81

wherein said nucleotide sequence comprises stop codons

sufficient to prevent translation of said nucleotide

sequence following integration into said genome.

15

83. A selection system according to claim 79

wherein said known gene sequence comprises a sup- 3

5

gene or a fragment thereof which is selectable by

identifying offspring growing at a temperature above

20 25°C following introduction of said vector in a pha-1

etl23ts mutant C. elegans worm.

84. A method according to claim 74 wherein said

transcription factor is T7 RNA polymerase.

25

85. A method of assigning function to a DNA

sequence of a multicellular organism which method

comprises

:

a) providing:

30 (i) a first construct comprising said DNA

sequence cloned in a sense direction under the

regulation of a suitable promoter

(ii) a second construct comprising said DNA

sequence cloned in an anti-sense direction under the

35 regulation of the same promoter as in step (i)

,
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in a multicellular organism which is adapted

to initiate transcription of said DNA fragment from

said promoter,

b) identifying the phenotype of said

5 multicellular organism compared to wild type.

86. A method of assigning function to a DNA

sequence of a multicellular organism which method

comprises:

10 a) providing

i) a construct comprising said DNA fragment

cloned between two promoters capable of promoting

transcription in said multicellular organism,

in a multicellular organism capable of

15 initiating transcription from said promoter;

b) identifying the phenotype of said

multicellular organism compared to wild type.

87. A method for expressing a gene, cDNA or

20 DNA fragment in C. elegans which method comprises :

i) providing a transgenic C elegans

expressing an exogenous transcription factor,

ii) cloning said gene or cDNA or DNA fragment

into an appropriate vector operably linked to a

25 promoter capable of initiating transcription of said

gene, cDNA or DNA fragment upon binding of said

exogenous transcription factor thereto,

iii) introducing said vector into said

transgenic C. elegans from step i)

.

30

88. A method according to claim 87 wherein

said exogenous transcription factor is a phage

polymerase

.

35 89. A method according to claim 88 wherein
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said phage polymerase is T3, SP6 or T7 RNA polymerase.

90. A method according to any of claims 87 to

89 wherein said promoter is any of T3, T7 or SP6

5 promoter.
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S7£/
pGNl
gagtgcaccatatgcggtgtgaaataccgcacagatgcgtaagg^

tgttaaaancgcgnaaatamgnaaatcagacarttmaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaat

agaccgagatagggngagtgttgnccagmggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaa

aaaccgtctatcagggcgatggcccactacgtgaaccatcacccaaaicaagtttmgcggtcgaggtgccp

cggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaag

cgaaaggagcgggcgctagsgcgaggcaagtgtagcggtca^

cgctacagggcgcgtccancgccattcaggctgcgcaartgtt^^

gctggcgaaagggggatgtgrtgcaaggcgattaagttgggtaacgccagggtmcccagtcacgacgtt

ccagtgaattgtaatacgaacactatagggcgaattcgagacggucccggggatcaaagagtcgaaagcnacgccctat

agtgagtcgtattacagc^gagtanctatagtgtcacaaaatagcttggcgtaatcatggtcatagct^

atccgacacaanccacacaacatacgagccggaagcataaagtgtaaagcaggggtgcaaatgag^gagctaaacacatt

aattgcgttgcgdcactgcccgcmccagtcgggaaacttgtcgtgccagctgcattaatgaatcggcc^

aggcggmgcgtangggcgacnccgcncct^^
ctcactcaaaggcggtaatacggnatccacagaatcaggggataac^

ggccaggaaccgtaaaaaggccgcgngaggcgttmcgataggctccgcccccctgacgagcatcacaaaaatcgacgct

caagtcagaggtggcgaaacccgacaggactataaagataccaggcgmccccaggaagctccacgtgcgactcctgttc

cgaccctgccgcnaccggatacagtccgcctttacccttcgggaagcgtggcgctttacatagctcacgctgtaggtaictca

gttcggtgtaggtcgttcgaccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttaiccggtaaaa

tcgiatgagtccaacccggtaagacacgacttatcgccaaggcagcagccactggtaacaggattagcagagcgaggtatgt

^SCBgtS^ac^gagttcngaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctagagaagc

cagnaccttcggaaaaagagnggtagctcttgatccggcaaacaaac^

agattacgcgcagaaaaaaaagatttcaagaagatccmgatctmaacggggto^

taagggatmggtcatgaganatcaaaaaggatcttcacctagatccrtttaaattaaaaatgaagttttaaatcaatam

atgagtaaacnggtctgacagnaccaatgcnaatcagtgaggcacctatacagcgatagtctamcgticatccatagttgcct

gactccccgtcgtgtagaiaactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgct
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cacxggctccagamatcagcaataaaccagccagccggaagggcc^

atccagtctattaattgttgccgggaagctagagtaagta^

tcgtggtgtcacgacgtcgmggutggcncattcagctccggttcccaacgatcaaggcgagm

caaaaaagcggttagctccttcggtcctccgatc^^

gcataanacnactgtcatgccatccgtaagatgctmctgtgactggtgagtaa

ggcgaccgagttg^cngcccggcgtcaatacgggataatagtgtatgacatagcagaacmaaaagtg

cgncncggggcgaaaactacaaggatcttaccgc^gttgagatccagncgatgmccc

gcatctmacmcaccagcgmrtgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaat

gaaatgngaauctcataacnccttmcaatattattg^

ttagaaaaataaacaaataggggttccgcgcacamccccgaaaagtgccacagacgtctaagaaaccattanatcatgacatt

aaccutaaaaataggcgtatcacgaggcccmcgt^

cggagacggtcacagcttgtagjaagcggatgccgggagcaga^

gtcggggctggcttaactatgcggcatcagagcagattgtactga

PGN100
ctagcatgaacacgattaacatcgcaagaacgacttctctgac^

acggtgagcgmagctcgcgaacagttggcccttgagcatgagtcttacga^^^

gcgtcaacttaaagctggtgaggttgcggataacgctgccgccaagcctacatcactaccc^actccctaagatgattgcacgc

atcaacgactggtngaggaagtgaaagctaagcgcggcaagcgcccgacagccnccagncctgcaagaaatcaagccgga

agccgtagcgtacatcaccaaaagaccactaggc^gcaaatxagtgctgacaatacaaccgttcaggagtagcaagcgca

atcggtcgggccartgaggacgaggctcgcttcggtcgtatccgtgaccttgaagctaagcacttcnagaaaaacgttgaggaa

caactcaacaagcgcgtagggcacgfctacaagaaagcamatgcaagtt#^

gjggcgaggcgtggtcttcgtggcataaggaagactctattcat^

aatggttagcnacaccgccaaaatgaggcgtagtaggtcaagactctgagactatcgaactcgcacagaatacgctgaggct

atcgcaacccgtgcaggtgcgaggaggcataaccgatgttccaaccngcgtagttcctcctaagccgtggaaggcattac

tggtggtggctattgggctaacggtcgtcgtcctctggcgaggtgcgtaacacagtaagaaagcactgatgcgctacgaagac

g^acatgcagagg^gtacaaagcganaacattgcgcaaaacaccgcatggaaaatcaacaagaaagtc^

aacgtaatcaccaagtggaagcattg^ccggtcgaggacatccctgcgattgagcgtgaagaactcccgatgaaaccggaaga

catcgacatgaatcctgaggaacaccgcgtggaaacgtgctgccgctgagtgtaccgcaaggacagggctcgcaagtac

gccgtatcagccttgagttcatgcttgagcaagccaataagtttgctaaccataaggccataggncccttacaacatggactgg

gcggtcgtgtnacgccgtgtcaatgucaacccgcaaggtaacgatatgaccaaaggactgcttacgctggcgaaaggtaaac

(^tcggtaaggaaggnaaactggagaaaatccacggtgcaaactgtgcgggtgtcgataaggttccgttccctgagcgcat

caagttcangaggaaaaccacgagaacatcatggcttgcgctaagtctccaaggagaacacttggtgggctgagcaagactct

ccgttctgcttcmgcg^agcmgagttcgctggggtacagc^

acgggtcttgactggcatccagcacttctccgcgatgaccgagacgaggtaggtggtcgcgcggttaacngcttcaagtgag

accgttcaggacatctacggcangngctaagaaagtcaacgagattctacaagcagacgcaatcaatgggaccgataacgaa

gtagttaccgtgaccgatgagaacactggtgaaataagagaaagtcaagctgggcactaaggcactggctggtcaatggag

gctcacggtgnacccgcagtgtgaaaagcgncagtcatgacg^

gctggaagataccancagccagctattgattccggcaaaggtccgatgttcactcagccgaatcaggctgctggatacatgga

aagctgatngggaatctgtgagcgtgacggtggtagctgcggngaagcaatgaaaggcttaagtagctgctaagagagg
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gtcaaagataagaagactggagagattcttcgcaagcgttg

ggcaggaatacaagaagcctancagacgcgcttgaacctgatgncctcggtcagnccgcnacagccuccattaacac^

gcgaacagttcaaagcagtgcgcgaaaaatggttgacacatatgagtcttgtgatguctggagatttctacgaccagucga

gaccagttgcacgagtctcaaoggacaaaatgccagcactt^

amoaagtccaattaamcaacatccctacatgctcmctccctgtgctcccaccccctatttttg^

ttaamcmgtttttugmomaagicacctctaacaatgaaattgtgtagattcaaaaatagaatmttcgtaa^

aaaaaattgtgaccaccccccattaataataanctatcccaaaatctacacaatgttagtgtacacttcttatgttttt^

taaatttttmgaaacatcatagaaaaaaccgcacacaaaataccttatcatatgttacgtttcagmatgaccgcaattttta^

tgaaattaatmcctgctmgcttmgggggm^^

astggagtagtgtmtggggtrmgccttaaatgacagaatac^^^

acgggcccmcgtacgcgcgmcggtgatgacggtgaaaacaagaracatgcagctcccggagacggtcacagctt^

ggcatcagagcagattgtaagagagjgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatca

ggcggccttaagggcctcgtgatacgcctattmataggttaatgtcatgataataatggmcnagacgtcaggtggcactmcc

3ggaaatgtgcgcggaaccatamgtttottmct^^

tc^aatattgaaaaaggaagagtatgagtancaacamccgtgtcgcccnattccctttmgcggcatmgccttcagtttttg

ccgtangacgccgggcaagagcaactcggtcgccgcatacaaattacagaatgacttggttgagtactcaccagtcacagaa

aagcatcttacggatggcatgacagtaagagaattatgcagtgagccataaccatgagtgataacactgcggccaacttamct

gacaacgatcggaggaccgaaggagcmccgctttmgcacaacatgggggatcatgtaactcgccttgatcgttgggaacc

ggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcagtagcaatggcaacaacgttgcgcaaam

ctggcgaactacttaaaagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgac

ggccMccggctggctggmangctgataaatctggagccggtgagcgtgggtacgcggtatcattgcagcactggggcw

ataggtgmcactganaagcanggtaactgtcagaccaagraactcatatatactttagangamaaaacttcattttt^^

aggataaggtgaagatccmngataatacaigaccaaaatcccttaacgtgagtmcgttccactgagcgtcagaccccgtag

aaaagatcaaaggacttcngagatccttttmagcgcgtaat^

mgtttgccggatcaagagctaccaactcmnccgaaggtaactggmcagcagagcgcagateccaaataagtccttaagt

gtagrcgtagttaggccaccacncaagaactagtagcaccgcctacatacacgctagctaatcctgtuccagtggctgctgc

cagtggcgataagtcgtgicttaccgggnggaacaagacgatagttaccggataaggcgcagcggtcgggctgaacggggg

gttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacaacagcgtgagcangagaaagcgccac
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